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Capitolul |
Cadrul politic

Ca urmare a “Celei de-a treia conferinta a partilor la Conventia Cadru a Nati-
unilor Unite asupra schimbarilor climatice” care a avut loc in Kyoto in Decembrie
1997, Uniunea Europeana a recunoscut necesitatea de urgenta de a aborda pro-
blema schimbarilor climatice. A adoptat, de asemenea, un obiectiv de reducere
a emisiilor de gaze cu efect de sera cu 8 % pana in 2010 a nivelurilor din 1990, in
timp ce pentru alte tari industrializate obiectivul este de 5 %.

Pentru a facilita Statelor Membre atingerea acestui obiectiv, Comisia a identi-
ficat o serie de actiuni, concentrandu-se pe reducerea consumului de energie si a
emisiilor de carbon (CO,).

Dezvoltarea energiei din resurse regenerabile este un pas important in redu-
cerea emisiilor de CO,. Prin urmare, Consiliul Uniunii Europene si Parlamentul a
inaintat Directiva 2001/77/EC privind promovarea electricitatii produse din surse
regenerabile de energie

Productia de energie electrica din energie hidroelectrica a fost, si inca mai
este, prima sursa regenerabila folosita pentru a genera electricitate. In zilele noas-
tre hidroelectricitatea in Uniunea Europeana - atat la scara larga cat si la scara
mica - reprezinta, in conformitate cu Cartea Alba, 13% din totalul de electricitate
generata, reducand astfel emisiile de CO, cu mai mult de 67 de milioane de tone
pe an. Dar, intrucat hidrocentralele conventionale impun inundarea unor suprafete
mari de teren, cu consecinte sociale si de mediu, planurile hidrocentralelor mici
proiectate corespunzator sunt usor integrate in ecosistemele locale.

In 2001, aproximativ 365 TWh de hidroenergie a fost produsa in Uniunea Euro-
peana la o capacitate totala de 118 GW. Hidrocentralele mici au reprezentat 8.4%
din capacitatea instalata (9.9 GW) si au produs 39 TWh (aproximativ 11% din pro-
ductia hidroenergetica). Avand in vedere un mediu mai favorabil de reglementare,
obiectivul Comisiei Europene de 14000 MW pana in 2010 ar trebui sa fie realizabil
si ca hidrocentralele mici ar fi al doilea mare contributor dupa energia eoliana.

Marea majoritate a hidrocentralelor mici sunt amenajari pe ,,curs de apa”,
insemnand ca acestea nu au sau au o0 capacitate mica de stocare a apei. Turbina
produce energie numai cand apa este disponibila si furnizata de rau.

In cazul in care debitul raului scade sub valoarea predeterminata, generarea
inceteaza. Unele centrale sunt sisteme izolate folosite in locuri izolate, dar in ma-
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joritatea cazurilor in Europa, electricitea generata este conectata la retea. Ame-
najarile pe curs de apa care nu sunt conectate la retea, mici, independente nu au
intotdeauna capacitatea de a furniza energie, decat daca marimea lor este de asa
natura incat ele pot opera indiferent de debitul raului. In anumite cazuri, aceasta
problema poate fi depasita prin utilizarea lacurilor existente sau rezervoarelor de
acumulare care exista in amonte de centrala.

Conectarea la retea are avantajul de a usura controlul frecventei sistemului
electric al energiei electrice, dar are dezavantajul de a fi debransat de la sistem
datorita problemelor in afara controlului operatorului instalatiei.

Este posibil pentru sistemele conectate la retea sa vanda fie total sau par-
tial energia lor pentru a furniza compania. (Nota: acesta nu poate fi neaparat
operatorul de retea). Cu toate acestea, pretul platit pentru energie este, in ge-
neral, si in special in Europa, destul de scazut. In ultimii ani, sustinuta de Direc-
tiva SRE si in anumite cazuri platile nationale ale legislatiei guvernamentale sunt
disponibile pentru tranzactionarea energiei regenerabile. Acest lucru a sustinut
evolutiile la scara mica sa obtina o rata rezonabila de recuperare a investitiei.
A condus, de asemenea, la cresterea pentru amenajarule hidro la scara mica in
curs de dezvoltare.

I.1. Romania

1.1.1. Statut actual

In Romania exista 362 centrale hidroelectrice (CHE) cu o capacitate totala
instalata de 6120 MW, ceea ce inseamna 27.9% din capacitatea totala instalata a
sistemului energetic romanesc (21905 MW).

Structura acestor CHE este urmatoarea:

» 95% dintre acestea sunt detinute de SC HIDROELECTRICA SA si au o capaci-
tate instalata de 5899.3 MW

» 2.5% sunt detinute de SC ELECTRICA SA'si au o capacitate instalata de 156 MW

» 1.9% sunt detinute de SC TERMOELECTRICA SA si au o capacitate instalata
de 117.6 MW

» 0.6% alti producatori

» Dintre aceste 362 de centrale hidroelectrice sunt:

» 317 hidrocentrale cu capacitati intre 0 si 30 MW, totalizand 1069 MW instalati
» 32 hidrocentrale cu capacitati intre 30 si 100 MW, totalizand 1529 MW instalate

» 13 hidrocentrale cu capacitati peste 100MW, totalizand 3552 MW instalati
(Registrul Statistic Anual al Romaniei in 2001)

In 2000, energia totala produsa de sectorul hidro a fost de 14778 GWh, repre-
zentand 28.5% din totalul de energie produsa in Romania.
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In 1998 si 1999, datorita unei bune hidraulicitati (ani ploiosi) sectorul hidro a
produs 35.3% si 36.1% din productia de energie totala a tarii.

Cea mai importanta centrala hidroelectrica din Romania este Portile de Fier
1, pe Dunare, si este cea mai mare hidrocentrala din Europa. Are o capacitate in-
stalata de 1050 MW (numai partea romana) si este proiectata sa ajunga la 1167 MW
la sfarsitul anului 2005.

Alte centrale hidroelectrice ale tarii sunt situate pe urmatoarele rauri: Olt,
Lotru, Bistrita, Somes, Dragan, Arges, Dambovita, Raul Targului, Sebes, Raul Mare,
Cerna, Bistra, Buzau, Motru, Danube.

Cel mai important producator local care are capacitatea de construi orice tip
de echipament hidroelectric este Uzina Metalurgica de la Resita.

1.1.2. Resurse hidroenergetice

In Romania, cele mai mari bazine de apa sunt: Olt, Lotru, Bistrita, Somes, Dragan,
Arges, Dambovita, Raul Targului, Sebes, Raul Mare, Cerna, Bistra, Buzau, Motru, Dunarea.

Potentialul hidroelectric al Romaniei, in conformitate cu ultimele reevaluari
este (Reviziile Energetica 1995-2001, Furnizarea de electricitate in Romania 1996):

» potential teoretic = 70000 GWh/an, din care:
= potentialul raurilor in interiorul tarii, 51600 GWh/an
= potentialul partii romanesti al Dunari, 18400 GWh/an

» potentialul tehnic: 34500 GWh/an si capacitatea instalata de 11370 MW,
din care:

= partea romaneasca a Dunarii: 11560 GWh/an si 2620 MW instalati

= micro-potential (HPP cu capacitati sub 0.63 MW/centrala): 2940 GWh/
an si 757 MW instalati

» potentialul economic: 27000 GWh/an si 9120 MW instalati.

» potential exploatabil (care este in conformitate cu cerintele UCTE si ia in
considerare restrictiile legale si de mediu): de la 24000 la 26000 GWh/an si
de la 7000 la 8200 MW instalati.

La sfarsitul anului 2000, 67.1% din potentialul economic pentru energie si
54.7% din potentialul economic pentru a fost exploatat.

Statutul curent al centralelor hidroenergetice

Capacitate instalata (mica<30 MW) 317 HPP, 1069 MW instalati

Capacitate instalata (medie 30-100 MW) 32 HPP, 1529 MW instalati

296.4 MW in 36 HPP (aceleasi identificate ca
proiecte cu potential ridicat)

Proiecte in constructie (mica<30 MW)
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Statutul curent al centralelor hidroenergetice

448.6 MW in 10 HPPs (aceleasi identificate ca
proiecte cu potential ridicat)

Potentialul de resursa hidroenergetica

Nivelul de informatii disponibile Foarte bun

Proiecte in constructie (medie 30-100 MW)

Numai o harta, disponibila la

SC HIDROELECTRICA SA
70000 GWh/an potential teoretic

Un atlas hidro disponibil la nivelul tarii?

Potential estimat 34500 GWh/an, 11370 MW potential tehnic
27000 GWh/an, 9120 MW potential economic
Tinta stabilita? 900 MW

Identificarea zonelor/proiectelor cu potential ridicat de hidroenergie

Evaluari strategice recomandate Nu
HPP Beretea (16.2 MW)

HPP Robesti (28.5 MW)
HPP Strei (16.8 MW)
HPP Calan (7.8 MW)
HPP Bacia (11.7 MW)
HPP Simeria (11.5 MW)

alte 30 de centrale hidroelectrice cu o capaci-
tate totala de 203.9 MW

HPP Surduc (31.2 MW)
HPP Raul Alb (36 MW)
HPP Movileni (37 MW)
HPP ValeaZadului (35 MW)

alte 6 centrale hidroelectrice cu o capacitate
totala de 309.4 MW

Capacitati intre 0 si 30 MW

Capacitati intre 30 si 100 MW
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I.2. Bulgaria

1.2.1. Stadiul actual

Bulgaria si-a folosit resursele hidrologice de peste doua secole. In prezent
tara are 10,300 MW de capacitate instalata de la centralele hidroelectrice comer-
ciale mari (CHE). Bulgaria are aproximativ 545 MW de capacitate instalata de la
centrale hidroelectrice mici si micro (< 15 MW) (Baza de date de energie electrica
din lume, lunie 2009). Aproximativ 3.6 billion kilowat-ora au fost generati de care
centralele de energie hidroelectrica in 2007, astfel incat centrala hidroelectrica
produce pana la 10% din totalul de energie generat in Bulgaria (EIA, 2007).

Bulgaria a cunoscut o crestere in sectorul energiei hidroelectrice. In prezent,
105 MW din capacitatea hidroelectrica este in constructie si 190 MW a fost pla-
nificata. Pentru cea mai mare parte, potentialul economic si tehnic al Bulgariei
pentru centralele hidroelectrice mari este exploatat in intregine (Raportul asupra
energiei din resurse regenerabile, Comisia Europeana).

Guvernul bulgar a pus mare accent pe dezvoltarea resurselor hidrologice ale
tarii in efortul de a limita dependenta pe importurile de combustibil strain. Actul
privind energia si Eficienta Energiei din 1999 a avut ca scop privatizarea producti-
ei de energie electrica, incluzand pe cea hidroelectrica. In total, aproximativ 63
de hidrocentrale mici si micro sunt situate pe proprietatea Companiei de Energie
Nationala (NEK), toate prezentand interes pentru privatizare. Conform Bazei de
date a Bancii Mondiale pentru privatizare, Compania de Energie PirinskaBistritsa
a fost privatizata in 2000, si Companie de Energie Gaz Prouchvane i DobivnaFeft
a fost privatizata in 2003. Guvernul bulgar a initiat, in ultimii ani, noi sisteme de
acordare a licentelor, ca parte a procesului de dezvoltare al procesului.

Exista putine companii din sectorul privat care sunt implicate activ in dezvol-
tarea centralelor hidroelectrice mici si micro cum ar fi Energoproekt, Hydro Ltd.,
AMEK, si ESD din Bulgaria. In timp ce tara nu are o Asociatie hidro, exista mai multe
organizatii create la nivel municipal care prezinta un interes activ pentru sursele
regenerabile de energie. Organizatiile municipale cum ar fi Agentia de Energie
Plovdiv, ca si Centrul Regional de Energie de la Lovetch, Russe, si Haskovo - pentru
a numi doar cateva.

Geografia Bulgariei este formata din teren muntos cu vai si campii. O altitudi-
ne medie de 470 de metri deasupra marii si precipitatii anuale cu debit de 672 mm,
peste 526 de rauri care sunt mai mari de 2.6 km in lungime. Toate aceste rauri se
varsa in unul dintre cele trei bazide de drenare principale: apele Dunarii, Bazinul
Marii Negre si bazinul Marii Egee. Cel mai lung rau al Bulgariei este Iskar, care se
intinde pe 368 km si in cele din urma se varsa in apele Dunarii.

Curgerea fluviala totala pe an a raurilor interne ale tarii intr-un an nomal este
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de aproximativ 20.2 miliarde de m3, iar pentru un an secetos poate fi de 9.3 mili-
arde de m? (Centrul pentru Evaluare Regionala Integrata, 2000).

1.2.2. Resurse hidroenergetice

Bulgaria utilizeaza potentialul hidrologic al cursurilor de apa ale tarii de peste
doua secole. In prezent tara are un total de 1,937 MWe capacitate instalata care este
generata, in principal, de centrale hidroelectrice comerciale mari (CHE), in timp ce
un total de 63 MWe este generat de centrale hidroelectrice mici si micro (Centrul de
Energie Sofia, 2002). Aceasta capacitate instalata de hidroelectricitate este egala cu
aproximativ 15% din capacitatea totala instalata comerciala a tarii (US DOE 2002c).
Cu toate acestea, multe centrale hidroelectrice existente sunt de peste 30 de ani si
necesita un fel de reabilitare pentru a fi readuse la capacitatile lor de varf.

Geografia tara este compusa din teren muntos combinat cu vai fertile si campii.
Tabelul 12 indica hipsometria Bulgariei. Considerand ca altitudinea medie este de
470 m asl si precipitatiile de 672 mm, nu este surprinzator faptul ca sunt peste 526
de rauri in Bulgaria care au o lungime mai mare de 2.6 km. Toate aceste rauri se var-
sa in unul dintre cele trei bazide de drenare principale: apele Dunarii, Bazinul Marii
Negre si bazinul Marii Egee. Cel mai lung rau al Bulgariei este Iskar, care se intinde pe
368 km si in cele din urma se varsa in apele Dunarii. Curgerea fluviala totala pe an a
raurilor interne ale tarii intr-un an nomal este de aproximativ 20.2x109 m3, in timp
ce pentru un an secetos poate fi de 9.3x109 m? (Centrul pentru Evaluare Regionala
Integrata, 2000). Consumul total de apa anual al tarii este de aproximativ 10.6x109
m3, din care 31% este folosit pentru irigare, 16% pentru scopuri potabile si domesti-
ce, 26% apa pura conditionata pentru economie si 8% pentru alte scopuri.

Guvernul bulgar a pus mare accent pe dezvoltarea resurselor hidrologice ale
tarii in efortul de a limita dependenta de importurile straine de combustibil. Re-
zultat din Actul de Energie si Eficienta a Energiei 1999, a fost dezvoltat un cadru
legislativ de baza orientat catre sectorul energetic. Un efect al acestui lucru este
scopul de a privatiza multe dintre capacitatile de generare a energiei ale tarii. In
total, aproximativ 63 de centrale hidroelectrice sunt localizate pe proprietatea
Companiei de Energie Nationala, si in 1998 primele incercari de privatizare a 22
de centrale hidroelectrice s-a desfasurat cu dificultate. In ultimii ani, dificultatile
au fost depasite in mare parte si se pare ca majoritatea dintre cele 63 de centrale
hidroelectrice au fost vizate pentru privatizare pana in 2005 (D. Tafrov, 2001). Gu-
vernul Bulgariei, in ultimii ani, a initiat, de asemenea, noi sisteme de acordare a li-
centelor ca parte a procesului de dezvoltare a proiectului. In plus fata de legile de
evaluare a impactului asupra mediului, stabilite de Ministerul Mediului si Apelor,
este necesar un dezvoltator de proiect care sa adere la urmatoarele reglementari
atunci cand dezvolta un proiect comercial de energie hidroelectrica:

» Legea priving regimul Apelor. Statul dicteaza utilizarile comerciale pentru
toate cursurile de apa ale tarii. Legea este in prezent in proces de a fi mo-
dificata pentru a se conforma cu directivele UE;
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» Legea privind regimul concesiunilor. Statul dicteaza cerintele si criteriile
pentru asumarea drepturilor pentru utilizarea cursurilor de apa in scopuri
comerciale;

» Actul referitor la Energie si Eficienta Energetica. Dicteaza cerintele de
autorizare pentru amplasarile hidro care vor fi utilizate in scopuri comerci-
ale de energie;

» Legea privind Structura Teritoriala. Include reglementarile pentru con-
struirea retelelor de furnizare a energiei.

Exista cateva companii din sectorul privat care sunt implicate activ in dezvo-
larea centralelor hidroelectrice mici si micro cum ar fi Energoproekt, Hydro Ltd.,
AMEK, si ESD din Bulgaria. In timp ce tara nu are o Asociatie hidro, exista mai multe
organizatii create la nivel municipal care prezinta un interes activ pentru sursele
regenerabile de energie. Organizatiile municipale cum ar fi Agentia de Energie
Plovdiv, ca si Centrul Regional de Energie de la Lovetch, Russe, si Haskovo - pentru
a numi doar cateva.

Exista un numar de proiecte potentiale si existente pentru care Statul are
studii conceptuale/initiale sau studii de pre-fezabilitate deja completate, si cauta
investitori care sa continue dezvoltarea acestor proiecte. Avand in vedere acest
lucru, exista foarte bune oportunitati pentru dezvoltarea hidro in Bulgaria.

Starea actuala a centralelor hidroelectrice

Capacitate instalata (mica<30 MW) Exista peste 62 de centrale hidroelectrice mici
si medii in Bulgaria. In plus exista un procent

Capacitate instalata (medie 30-100 MW) estimat de 49 de centrale hidroelectrice cu o
capacitate de <2MWe.

Proiecte in constructie (mica<30 MW) Au fost efectuate studii de fezabilitate pe nu-

meroase site-uri de-a lungul rauriloe Iskar si
Strouma pentru centrale hidroelectrice mici,
desi implementarea ulterioara a proiectului sau
constructia nu a inceput inca.

Resursa potentiala de hidroenergie

Nivelul de informatii disponibile Bun.
Atlas hidro disponibil la nivelul tarii? Da.

10,000 GWh, potentialul anual pana in 2020
(considera: centrale hidroelectrice mici si medii).

Proiecte in constructie (medie 30-100 MW)

Potential estimat
212MW, potential tehnic centralele hidroelec-

trice micro (<2MW) pana in 2020.

Nu. Desi Statul s-a exprimat ca, capacitatea to-
tala anuala hidro instalata ar putea fi de apro-
ximativ 10,000 GWh pana in 2020. In prezent
aceasta este de aproximativ 3,300 GWh (1999).

Tinta stabilita?
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Identificarea zonelor/proiectelor cu potential ridicat pentru hidroenergie

Evaluari strategice recomandate

Evaluarea potentialului microhidrocentralelor
pe raurile Bulgariei;

Evaluarea eforturilor de reabilitare necesare
pentru cresterea eficientei hidrocentralelor
medii, mici si micro

Zone/proiecte identificate

Valea raului Iskar. est. 155 MWe
Valea raului Strouma. est. 59 MWe
Diferite locatii . N/A
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Capitolul li

Conditia economica si sociala a regiunilor implicate in studiu

II.1. Regiunea de Sud-Vest a Romaniei

Regiunea de Sud-Vest, cu o suprafata de 29,212 km? cuprinde 5 judete: Dolj,
Olt,Valcea, Mehedinti si Gorj si corespund, in principal, regiunii istorice ale Olteniei.

Se invecineaza cu Bulgaria, Serbia si cu Muntenia de Sud, Centru si regiunile
vestice. In 2004 Regiunea de sud-vest a Olteniei a avut o populatie de 2,317,636
(care reprezinta 10.69% din popilatia totala a Romaniei) cu o densitate sub media
nationala (79.3 de locuitori/km?, fata de 90.9 locuitori/km?). Structura rural-urba-
na a populatiei este de 52.8% fata de 47.2% (pentru Romania 45.1% fata de 54.9%),
cele mai multe judete rurale fiind Olt (59.6%), Valcea (55%) si Gorj (53.3%).

Relieful regiunii are o distribuire relativ echilibrata, incluzand munti, campii,
platouri. In partea de nord a Olteniei, relieful are munti si dealuri (zona Carpatilor
si Subcarpatilor), predominand campiile si pasunile alpine. Zona de campie este
specializata, in principal, in cultivarea cerealelor. Reteaua hidrologica, formata in
principal din Fluviul Dunarea, Olt si Jiu, confera regiunii principalul rol energetic
al Romaniei (71.57% din productia totala de hidroelectricitate).

Reteaua de localitati cuprinde 40 de orase, 11 dintre acestea fiind municipii,
408 comune care cuprind 2066 de sate. Cele mai importante orase sunt (300.843
locuitori), Rm. Valcea (111,980 locuitori), DrobetaTurnuSeverin (109,941 locuitori),
Targu-Jiu (96,320 locuitori) si Slatina (81,342 locuitori). In ceea ce priveste micile
orase (sub 20,000 locuitori), majoritatea dintre ele nu au o structura si dezvoltare
adecvata: Vanju Mare, Dabuleni, Scornicesti etc.

Piata fortei de munca reflecta tendintele nationale. Populatia angajata este
distribuita in sectoare economice ca: agricultura si silvicultura (42.1%), industrie
(26.9%) si servicii (31%). Analiza judetelor releva ponderi mai mari a populatiei
angajata in agricultura in judetele Olt (49.5%) si Mehedinti (48.4%), sectorul servi-
ciilor fiind mai dezvoltat in judetele Valcea (34.3%) si Dolj (33%).

Procesul de restructurare economica a cauzat migrarea din mediul urban ca-
tre mediul rural a unui numar mare din populatia de someri in varsta, unde acestia
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practica o agricultura de subzistenta. Ponderea ridicata a populatiei rurale si su-
prafata mare de terenuri rurale, in special in partea de sud a regiunii, fac din agri-
cultura sectorul predominant in economia regionala. Astfel, numarul in crestere al
persoanelor angajate in agricultura si impartirea campurilor agrare ca rezultat al
reformei proprietatii, precum si utilizarea tehnologiilor putin avansate, au condus
la o scadere importanta a productivitatii muncii in acest sector in timp ce valoarea
rezultatelor in termeni reali a ramas, in general, aceeasi.

Constructia a 2 coloane pan-europene (coridorul rutier IV si coridorul VII al
Dunarii), care vor traversa regiunea, vor ridica gradul de accesibilitate regionala
si vor stimula atragerea investitiilor, contribuind la o mobilitate mai buna a pietii
fortei de munca. Ultimul, dar nu cel mai putin important, implementarea proiec-
tului va implica folosirea resurselor umane ale regiunii.

In plus, in scopul atragerii de investitii straine, Romania a stabilit, de-a lungul
Dunarii- zone libere cu facilitati fiscale, dar niciuna dintre acestea nu este locali-
zata in Oltenia. Dupa construirea podului Calafat - Vidin peste Dunare, se asteapta
ca orasul Calafat sa indeplineasca conditiile necesare pentru a deveni o zona libe-
ra: un punct cheie de trafic international fluvial, feroviar si rutier.

Dezvoltarea facilitatilor si capacitatilor de cercetare in cadrul centrelor uni-
versitare si utilizarea rezultatelor cercetarii de catre sectorul IMM-urilor ar putea
crea conditii pentru dezvoltarea mediului de afaceri.

REGIUNEA DE SUD-VEST
Indicatori de caracterizare a nivelului de dezvoltare si potentialul economic
- 2004-

. Judete
INDICATORI Regiune DJ | GJ | MH | oOT

Populatia, ocuparea fortei de munca, somajul

| VL Romania

Totalul
populatiei (cifre |2,317,636| 720,554 | 386,097 | 305,901 | 488,176 | 416,908 | 21,673,328
absolute)
Populatia
urbana (%)
Populatia
rurala (%)

47.2 53.0 46.7 48.3 40.4 45.0 54.9

52.8 47.0 53.3 51.7 59.6 55.0 45.1

II.2. Regiunea de nord a Bulgariei

Succesul Bulgariei in transformarea economiei sale de la planificarea centrala
la un sistem bazat pe piata, a fost nemasura in 1991. Fara indoiala, orice forma
de guvernare bulgara s-a confruntat cu o sarcina descurajanta in acel moment.
Deoarece resursele sale financiare si productive au fost alocale in mod ineficient
timp de multi ani, economia a avut nevoie urgenta de reforme majore. Sectorul de
fabricare a fost necompetitiv pe pietele mondiale, era demodat din punct de ve-
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dere tehnic, si consuma energie si materiale la cote extrem de risipitoare. Sectorul
agricol, inante cel mai productiv sector al economiei bulgare, a degenerat pana in
punctul in care tara abia isi putea hrani propriul popor. Un nou regim comercial cu
parteneri traditionali va solicita rezervele, deja scazute, de valuta forte, restric-
tionand accesul la materiale prime si la tehnologia sofisticata. Datoriile interne si
externe erau enorme atunci cand a cazut regimul lui Zhivkov. Inflatia era ridicata,
problemele de mediu erau severe, si forta de munca calificata era insuficienta.

Mai multi factori au complicat cuantificarea economiilor socialiste din per-
spectiva capitalista. Preturile in economiile socialiste servesc, in principal, o func-
tie contabila; ele nu reflecta insuficientele relative si cererea pentru un produs,
asa cum se intampla in economiile capitaliste. Prin urmare, comparatiile indicato-
rilor de valoare sunt dificile. In plus, anumite statistici socialiste sunt pur si simplu
calculate diferit. De exemplu, echivalentul socialist al venitului national, la care
se face referire ca la produsul material net (PMN), exclude valoarea celor mai
multe servicii, care nu au legatura cu productia fizica.

O evaluare corecta a politicilor si performantei economice bulgare este regimul
comunist care, de asemenea complicata de statistici gresite, inexacte si incomplete.
Unii economisti vestici au incercat sa extrapoleze datele bazate pe o combinatie a
statisticilor bulgare, diferite presupuneri economice si tehnici statistice.

Totalul fortei de munca in Bulgaria a fost de 4.078 milioane in 1988. Din acel
total, 35.9% erau calificati ca muncitori industriali, 19% muncitori agricoli si 18.9%
muncitori in domeniul serviciilor. In 1985 un procent de 56% din populatie avea
varsta de munca (16 la 59 anu pentru barbati si 16 la 54 pentru femei); 22.9% erau
sub varsta de munca, si 21.1% erau peste varsta de munca.

Pe data de 1 ianuarie 2007 Bulgaria a intrat in Uniunea Europeana. Acest
lucru a condus la imediata liberarizare a comertului, dar nu exista niciun stoc in
economie. Guvernul executa excedente anuale de peste 3%. Acest lucru, impreuna
cu cresterea anuala a PIB de peste 5%, a dus guvernul la o datorie de 22.8% din PIB
in 2006 la 67.3% cinci ani mai devreme. Acest fapt va constata cu deficitele enorme
de cont curent. Ratele scazute la dobanzi au garantat disponibilitatea fondurilor
pentru investitii si consum. De exemplu, explozia pe piata imobiliara a inceput
in 2003. La acel moment inflatia anuala in economie a fost variabila si in timpul
ultimilor 5 ani (2003-2007) a cunoscut un minim de 2.3% si un maxim de 7.3%. Mai
important, acest fapt a reprezentat o amenintare la aderarea tarii la Zona Euro.
Guvernul Bulgariei planuieste ca Euro sa inlocuiasca Leva in 2010. Cu toate aces-
tea, expertii estimeaza ca acest lucru s-ar putea putea intampla in 2012. Din punct
de vedere politic, exista un compromis intre cresterea economica a Bulgariei si
stabilitatea necesara pentru aderarea mai devreme la uniunea monetara. Venitul
pe cap de locuitor in Bulgarie este inca numai o treime din media EU25, in timp ce
PIB-ul nominal al tarii pe cap de locuitor este de aproximativ 13% din media EU25.

Accentul pus de Bulgaria pe dezvoltarea industriei grele cu orice pret a creat
cereri de materie prima peste resursele interne ale tarii. Aceasta problema a fost
agravata de utilizarea industriala ineficienta a energiei si materiei prime: Bulgaria
foloseste mai multa pe unitate de NMP decat orice tara vestica. Din acest motiy,
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unul dintre cele mai importante aspecte ale economiei postbelice bulgara a fost
dependenta de importul de resurse naturale sovietice.

In afara de poluarea cauzata de arderea carbunelui intern, aproximativ 1,500
megawati din capacitatea de generare termoelectrica a fost inactiva la sfarsitul
anilor 1980 din cauza livrarii ineficiente de combustibil si defectarea echipamen-
tului. Aproximativ jumatate din capacitatea centralelor de energie si caldura, pe
care s-a pus baza pentru a suplimenta centralele electrice majore si pentru a fur-
niza caldura pentru industrii si case, a fost indisponibila pentru aceleasi motive.

La inceputul anilor 1990, planificatorii bulgari de energie s-au confuntat cu
dileme serioase. La centralele termoelectrice Maritsa-iztok-1, Maritsa-iztok-2 si
DimoDichey, situate pe terenurile de carbune din Maritsa-iztok, planurile pe ter-
men lung au solicitat inlocuirea treptata a echipamentului generator in centralele
existente. Dar majoritatea acestor proiecte au fost intarziate in 1990. Decizia lu-
ata in 1990 de a nu termina Centrala de Energie Nucleara din Balene a insemnat
cresterea sprijinului pe carbunele de la Maritsaiztok pentru generarea de caldura
si energie. In 1990 acea sursa furniza 70% din carbunele tarii, cele trei centrale
energetice ale sale au constribuit cu 25% din totalul energiei.

Complexul Energetic Industrial Maritsa-iztok (cu construirea utilajelor sale si
reparati a facut din acesta unul dintre cele mai mari centre industriale din Bulga-
ria, angajand 22,000 de persoane in 1991) functioneaza din 1951; pana in 1991 ca-
litatea carbunelui sau si fiabilitatea infrastructurii sale au cunoscut un declin sigur.
Dar in punctul de criza al economiei nationale, nu erau disponibile fonduri pentru
capitalul de investitii, in special pentru a cumpara tehnologie straina. In acelasi
timp, autoritati ale industriei au recunoscut arderea carbunelui cu grad ridicat de
sulf si exploatarea miniera la Maritsa-iztok ca o problema severa de mediu a carei
ameliorare ar costa cel putin un miliard de leva, majoritatea in valuta.

Generarea energiei hidroelectrice a fost concentrata in sud vestul Bulgari-
ei, dar putine rauri au oferit un potential hidroelectric la scara larga. Proiectul
hidroelectric major al Noualea Plan Cincinal (1986-90) a fost terminarea centra-
lei Chaira, care ar adauga 864 megawati de capacitate de generare. Dezvoltarea
centralelor hidroelectrice locale pe cursurile mici a fost o prioritate de planificare
pentru anii 1990.



Descrierea raurilor si apelor curgatoare in zona de studiu 21

Capitolul 1l

Descrierea raurilor si apelor curgatoare in zona de studiu

lll.1. Raurile din Dolj

mn.1.1. Jiu

Bazinul raului Jiu contine 275 de rauri cu o suprafata mai mare de 10 km?, 14
lacuri naturale si 12 diguri cu rezervoare cu o suprafata mai mare de 50 ha. Raul
Jiu este unul dintre cele mai importante rauri de pe teritoriul Romaniei. Lungi-
mea sa este de 339 km si izvoarele sale sunt situate in Carpatii de Sud. Jiul este
format prin convergenta a 2 afluenti, care izvorasc de la altitudini de aproximativ
1,500 m: Jiul de Vest, cu izvoarele in Muntii Retezat, si Jiul de Est cu izvoarele pe
versantul sudic al Muntilor Surianu. In amonte aspectul general al vaii, ingusta si
adanca, este in forma de V, neavand o albie majora, cu materiale de rau de mari
dimensiuni (pietre, nisip, etc.).

Bazinul Jiului are o densitate de retea hidrografica de 0.38 km/km?, are un
debit anual mediu de 92 m3/s. Zona sa de captare este situata in partea de sud
a Romaniei, acoperind 10,080 km? din care 37.5% (3777 km?) este acoperita de
paduri. Traverseaza cea mai importanta si veche zona miniera din tara (bazinul
Petrosani). Dupa aceea curge spre sud printre dealuri inalte, dupa ce isi primeste
cel mai important afluent Motru, care traverseaza cea de-a doua zona miniera im-
portanta din Romania- bazinul Motru, curge spre Dunare. Partea de mijloc a bazi-
nului Jiului este o zona importanta pentru forari petroliere. Dupa ce se intalneste
cu raul Motru, Jiul traverseaza alti 155 km catre Dunare. Din aceasta convergenta
(la 100 m), Jiul coboara alti 78 de metri inainte de a ajunge la Dunare. Acest lucru
permite raului sau ocoluri mari sau curbe inguste, inconjurari si despartituri ale
albiei raului.

In aval de Craiova, malurile raului Jiu sunt fragmentate de defileuri create
de cursuri de apa temporare care nu pot fi considerate afluenti. Aceasta regiune
este caracterizata, de asemenea, de izvoare abundente pe versanti estici (cum ar
fi ei de la Gioroc, Murta, Dobresti), care sunt exploatabile fara lucrari speciale,
datorita stabilitatii lor si volumului. Pe partea sa dreapta, Jiul primeste 31 de aflu-
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enti, cel mai important fiind Tismana, Jilt, Motru si Rasnic. Pe partea sa stanga,
Jiul primeste 21 de afluenti, cei mai importanti fiind: E Jiu, Sadu, Cioiana, Gilort,
Amarandia. Bazinul Jiului are 69 de lacuri naturale si helestee, dintre care 14 sunt
mai mai mari de 0.5 km2. Cele mai multe sunt localizate in luncile Dunarii. Lacu-
rile naturale din luncile Dunarii sunt, din punct de vedere genetic, diferite, fiind
formate odata cu reteaua hidrologica si si fiind supuse eroziunii si acumularea de
nisipuri eoliene. Cantitatea de apa a acestor lacuri depinde de regimul hidrologic
al Dunarii si de conditiile hidrogeologice. Inundatiile asigura umplerea si intreti-
nerea acestori depresiuni care nu au surse proprii de apa. Datorita aproprierii de
suprafata oglinzii apei (0-2 m), apa poate fi pastrata in lacuri. Atat umplerea la-
curilor cat si formarea malurilor depind de durata nivelurilor maxime ale Dunarii.
Unele dintre lacuri au devenit rezervatii naturale: Balta Lata (60 ha), Adunatii de
Geormane (102 ha), complexul lacustru Preajba- Facai (28 ha), BaltaCilieni (47
ha), lonele (3.2 ha), Caraula (28 ha) and Balta Neagra (1.2 ha).
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Reglajele afecteaza 59 de rauri si digurile afecteaza 32, cauzand modificari
ale albiilor cursurilor de apa, alterari ale caracteristicilor hidraulice si intreruperi
in continuitatea laterala. In bazinul Jiului, lungimea totala a barajelor este de 835
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km, si lungimea totala a reglajelor este de 478 km. Jiul insusi are baraje in lungime
de 234 km (69%). Exista baraje pe Drincea (54%), Jiul de Vest (42%), Jiu de Est (45
%), Meretel (83%). Barajele de pe rauri ating un maxim de 30% din lungimea rauri-
lor. Gradul de interventie asupra albiilor cursurilor de apa este 15.3%.

In bazinul Jiului au fost efectuate sapte derivatii. Apa este este tranzitata
atat in zona aceluiasi bazin (Motru - Tismana; W Jiu - Valea de Pesti), cat si intre
bazine: bazinele Cerna - Jiu (Cerna - Motru) sau bazinele Jiu - Olt (Jiet - Lotru;
Galben - Oltet).

Volumul instalat al acestor derivatii este de 79.1 m3/s. Derivatiile au fost cre-
ate in scopuri hidroelectrice, cu exceptia derivatiei Jiul de Vest- Valea de Pesti,
care are menirea de a furniza apa locuitorilor din Valea Jiului. Cea din urma deri-
vatie este deasupra solului.

Exista mai multe rezervoare permanente ale barajului:

» Rezervorul Valea de Pesti. Barajul are 4.2 mil m?® de apa la Nivelul Normal
de Retinere (NNR). Volumul total al lacului este de 5.4 mil m3. Acopera o
suprafata de 0.24 km?, si o adancime maxima de 56 m. A fost construit in
scopul furnizarii cu apa si atenuarii inundatiilor.

» Rezervorul Vadeni + Tg. Jiu. Barajul are 1.8 mil m3® de apa NNR. Volumul
total al lacului este de 3.8 mil m3. Acopera o suprafata de 1.07 km?, si are o
adancime maxima de 21.5 m. A fost construit in scopul producerii de elec-
tricitate si in scopul atenuarii inundatiilor.

» Rezervorul Turceni. Barajul are 7.4 mil m?® de apa NNR. Volumul util al lacului
este de 3.3 mil m3. Acopera o suprafata de 1.5 km?. A fost construit in scopul pro-
ducerii de electricitate, furnizare de apa industriala si atenuare a inundatiilor.

» Rezervorul Isalnita. Barajul are 2.5 mil m3 de apa NNR. Volumul util al la-
cului este de 1.4 mil m3. A fost construit in scopul furnizarii de apa pentru
unitatile de productie.
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Ill.2. Debitul raurilor din Montanat

l.2.1. Lom

Raul isi ia numele de la debitul distri- &
buitorilor Beli si Tcherni Loin impreuna. Cur-
ge de-a lungul partii de nord-est a Bulgariei
prin regiunile Targoviste, Razgrad si Russe si
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si 117 x 106 m? in an secetos (75%).

111.2.2. Tsibritsa

Tsibritsa este un rau in Campia Dunarii de Vest din Nordul Bulgariei si un aflu-
ent de dreapta al Dunarii. Raul isi are originea in zona ShirokaPlanina (,,Muntele
Lat”) a muntilor Balcani langa granita cu Serbia si curge in directia nord in diago-
nala prin Provincia Montana. La est de localitatea DolniTsibar in municipalitatea
Valchedram, curge in Dunare.

Tsibritsa are o lungime de 87.5 de kilometri si un bazin de drenaj de 933.6
km?2. La Ignatovo in apropiere de gura Tsibritsa debitul sau este de 2 m? pe secun-
da. Apele raului sunt folosite pentru irigare. Platoul jos dintre Tsibritsa la vest si
Ogosta la est este cunoscut ca Zlatiya si este o regiune agricola fertila.

In timpurile antice romane, raul era cunoscut ca Ciabrus si regiunea era po-
pulata de tribul tracic Triballi.

Ill.3. Raurile din Vraca

Raul Ogosta este unul dintre cele mai mari sisteme de colectare din nord
vestul Bulgariei. In captarea sa de apa implica mai mult de 40 de afluenti. Cel mai
mare rau Ogosta are 141 km lungime, ocupand o suprafata mai mare de 3,110 km?,
la 0 altitudine de 395 m, panta medie a raului de 11.4%., densitatea medie a raului
0.73 km/km?, si o impadurire de 37%. Cel mai mare aluent este raul Skat, care are
o lungime de 134 km, zona de 1,074 km?, altitudine medie de 200 m, impadurire
6%, panta medie de 2.8%., densitatea medie a sistemului de rau 0.27 km/km?.

Capacitatile de productie a ramurilor industriale, cum ar fi mineritul, indus-
tria chimica, alimentara si agricola, a perturbat mediul natural in special in anii
’70 din secolul 20. Pana la lichidarea minelor si dupa, o mare parte din poluantii
companiilor in 1990, in scopul unei politici ecologice, au fost neutralizati. Dez-
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voltarea viitoare a regiunii economice din nord vest, in special nedezvoltata in
UE, necesita implementarea unei politici ecologice. Pana in prezent studiile sunt
concentrate pe anumite parti referitoare la componente unice. Pentru acest scop
este necesara implementarea unor evaluari de mediu consecvente. Scopul aces-
tei lucrari este orientat spre evaluari cuprinzatoare de studiere a teritoriului din
punct de vedere ecologic.

Acest lucru este fundamentat pe principii metodice si teoretice de analiza
sistematica a principalelor componente de mediu tehnogenic si natural si relatiile
acestora in conformitate cu legislatia Bulgariei si a Uniunii Europene.

q

Raul Ogosta cu cei peste 40 de afluenti ai sai formeaza un sistem de rau bine
dezvoltat din regiunea apartinand afluentei dunareane din nord vestul Bulgariei.
Cel mai mare debit de rau este caracteristic pentru altitudinea de peste 1,600 m,
unde 85-90% din din precipitatii se transforma in debitul raului; in zona de altitu-
dine 600-1600 m acest procent este de 40% in medie; in zona 300-600 m - 25%, si in
partile de campie-deal ale bazinului Ogosta si afluentii sai - doar 10-12%. In regi-
unile carstice toata cantitatea de precipitatii este transformata in apa subterana.
Patru zone se diferentiaza in zona bazinului Ogosta in functie de rata de abundenta
de apa, de exemplu cantitatea de resurse de apa:

» Puternic abundent- retenul de peste 1,400 m altitude, cu o medie anuala
de debit care depaseste 800 mm;

» Considerabil abundent- cu o medie anuala de debit variind intre 300 mm si
800 mm si o altitudine de peste 600 m;

» Capacitate importanta moderata- cu o medie anuala de debit variind intre
60 mm si 300 mm si o altitudine de peste 150 m;

» Capacitate portanta scazuta- cu o medie anuala de debit variind intre 15
mm and 300 mm si o altitudine pana la 150 m.
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Abundenta de apa in bazin se schimba de la aproximativ 1.8 ori deasupra
mediei la aproape 2 ori sub medie in functie daca anul este umed sau uscat. Dis-
tribuirea debitului raului in campia dunareana pe luni este dupa cum urmeaza: in
orasul Miziya maxim in Mai- 49.60 m3/s si minim in August - 2.13 m3/s; raul Skat
la localitatea Nivyanin- maxim in Martie 2.02 m3/s, si minim in August 0.24 m3/s.
Afluentii alpini ai raului Ogosta sunt caracterizati de o maxima cu doua debite in
Mai-lunie si respectiv doua minime in Septembrie- Octombrie.

Inundatiile raului creeaza un disconfort ecologic. Sunt determinate intre 3 si 7
cazuri de inundatii intr-un an. In conformitate cu numarul de inundatii pe an, raurile
pot fi diferentiate dupa cum urmeaza: aproape fara inundatii - cu o frecventa medie
de pana la trei cazuri (rauri mici in campia dunareana sub 300 m altitudine); cu unele
inundatii - pana la 6 cazuri (cursuri inferioare ale raului Ogosta si afluentii sai in cam-
pia dunareana) si inundatii moderate- 6-7 cazuri (cursuri superioare ale raului Ogosta).

Temperaturile medii anuale ale apei raului variaza dupa cum urmeaza: raul
Berkovitsa in orasul Berkovitsa town 8.8°C; raul Botunya in orasul Varshets 7.7°C,
si in localitatea Soyanovo- 9.4°C; raul DalgodelskaOgosta in localitatea Govezhda
8.1°C; raul ChiprovskaOgosta in localitatea Chiprovtsi 7.5°C; raul Ogosta in locali-
tatea Martinovo 8.1°C, in localitatea Kobilyak- 11.1°C, si in orasul Miziya- 12.1°C

Calitatea apei raului Ogosta este caracterizata de compozitia sa chimica pu-
ternic afectata de factori antropogenici si naturali. Se face referire la apele bazi-
nului Ogosta ca la o formare de hidrogen-carbonat: apele raurilor Ogosta si Skat in
partea de campie contin hidrogen-carbonat-calciu-sodiu si hidrogen-carbonat-sul-
fat-calciu contin apele izvorului raului Ogosta (Martinovska, Chiprovska si Dalgo-
delskaOgosta). Conditiile de salinitate ale apelor raului in campia dunareana sunt
de aproximativ 300-400 mg/dm?3, cat si altitudinea in anumite parti ale bazinului
variaza intre 500 si 1,000 mg/dm?3. Deviatiile valorilor de salinitate sunt observa-
te in toate partile poluate din punct de vedere antropogenetic. Pana in anii 1990
apele au fost complet contaminate cu substante suspendate in locuri in care apele
reziduale de la centrala Martinovo si centrala Sedmochislenitsi la Zgorigrad au
fost deversate ambele in raurile Martinovska si Varteshnitsa. Cantitatile acestor
ape deversate in rezervorul de receptie au fost de 1,498,000 kg/zi si respectiv
1,204,000 kg/zi. In prezent numai centrala de la Zgorigrad produce, dar cantitatea
de substante suspendate deversate in rezervorul de receptie nu este anuntata. Alti
mari poluanti pana in anii 1990 sunt: fabrica de celuloza din orasul Miziya (raul
Skat cu o cantitate de substante suspendate de 28,154 kg/zi), lucrarile chimice din
orasul Vratsa (impreuna cu alte 38 de companii mici cantitatea de substante sus-
pendate se ridica la 13.163 kg/zi) si fabrica de ciment din localitatea Belilzvor (in
raul Botunya cantitati de substante suspendate 6,050 kg/zi). Conform datelor lui
Tzatchev et al. (1973) cantitatea de substante suspendate deversate in bazinul the
Ogosta de mai mult de 100 lucrari, fabrici, mine, instalatii de preparare a minereu-
rilor depasesc 2,779,843 kg/zi. Aceeasi autori au studiat poluarea raului Ogosta cu
ape reziduale casnice. Orasele Montana, Berkovitsa, Varshets, Vratsa, ByalaSlatina
si Miziya sunt confirmate ca poluanti principali. Cantitatea de substante suspen-
date deversate in rauri depaseste 2 tone pe zi. Dupa 1990 cea mai poluata parte
este pronuntata ce dintre orasele Montana si Berkovitsa, si puternic redusa este
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poluarea in restul partilor. In conformitate cu criteriile internationale pentru rata
poluarii apelor, bazinul Ogosta se incadreaza in categoriile I, Il si IV

“oMartinovo

Al

‘Berkovi ted

Apa subterana carstica este foarte importanta pentru prezenta resurselor de
apa proaspata. Cele mai mari izvoare carstice in regiune sunt in urmatoarele ora-
se si localitati: Montana (600 dm3/s), Kobilyak (900 dm?3/s), Belilzvor (600 dm?/s),
Vratsa (1,550 dm?3/s), Pavolche (2,000 dm3/s) si Lyutadzhik (12,500 dm?3/s).

Sursele de apa minerala din orasul Varshets si diferitele continuturi chimice
de grupuri de nitriti, continuturi ridicate de radon si temperaturi de 38°C le face
corespunzatoare pentru dezvoltarea balneologiei.

In bazinul Ogosta sunt construite mai mult de 180 de baraje-pentru irigatie
(barajul Ogosta in Montana), furnizare de apa (barajul Srechenska Bara) si furni-
zare a energiei electrice (barajele cascadei Petrohan). Cea mai mare portiune a
acestor baraje are o capacitate de sub 10 mil m3, cele mai mari baraje fiind Sre-
chenska Bara cu o capacitate variind intre 10 si 100 mil m? si barajul Ogosta cu o
capacitate are depaseste 500 mil m3.

I1l.4. Raurile din Pleven

1.4.1. Iskar

Raul Iskar este cel mai lung rau al Bulgariei curgand de la sursa din Muntii Rila,
spre nord prin centrul tarii pe o lungime de 3,639 km, si raul are o zona a bazinului
de receptie de 8,646 km?.
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Raul Iskar se varsa in Dunare pe granita de nord. Volumul anual mediu de de-
bit variaza intre 716 milioane m? (la Novi Iskar in varful Defileului Mediu al raului Is-
kar) la 1,325 milioane m? (la capatul defileului in localitatea Rebarkovo). Proiectul
nu va afecta volumul general al debitului raului Iskar si nu va avea niciun impact
asupra debitului Dunarii al carui afluent este.

Raul este sub controlul Bazinului de apa- Regiunea Dunarii, care apartine Mi-
nisterului bulgar de mediu si apa. Aceasta Directie este implicata intr-o analiza
EIA, in desfasurare si este instrumentala in desfasurarea conditiilor asociate cu
autorizarea pentru dezvoltarea Proiectului.

Geologia solida scoasa in evidenta variaza de la roci sedimentare cum ar fi
gresia si calcarul, la rocimagmatice cum ar fi sisturi si bazalte. Altele decat cele
de calcar carstificat, niciuna dintre aceste formatiuni nu sunt considerate ca re-
prezentand o sursa semnificativa de apa subterana.

Calitatea apei in Iskarul Mijlociu este afectata de contaminanti dintr-o gama
de surse:

» Ape reziduale industriale si casnice tratate si netratate din Sofia. In special
in perioadele cu inundatii, apele reziduale si netratate sunt deversate di-
rect in rau;

» Apele reziduale netratate din orasele adiacente raului Iskar si din raurile
care se deverseaza in raul Iskar;
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» Ape reziduale industriale de la uzina metalurgica de pe raul Lesnovsk, un
afluent al raului Iskar care i se alatura in amonte de defielul Iskar;

» Bascularea deseurilor si gunoiului in rau;
» Evacuarea apelor netratate din satele de-a lungul sectiunii a raului.

Studiile istorice asupra calitati apei, cat si linia de baza a expertizelor con-
duse ca parte a EIA, indica faptul ca calitatea apei pe raul Iskar se supune “pulsu-
rilor” de contaminare asociate cu precipitatiile intense. In general, calitatea apei
pe raul Iskar s-a imbunatatit constant in ultimii 20 de ani, prin instalarea noii insta-
latii de tratarea a apei in Sofia si in alte orase. Inante de aceste imbunatatiri raul
era afectat in mod semnificativ viata piscicola limitata. Exista putine date disponi-
bile asupra incarcaturii de sediment a raului. Un studiu efectuat in 1973, a calculat
ca existau 4,750,400 m? de sedimente plutitoare care treceau prin cascade pe an.

Sedimentele depozitate in Valea Iskarului au fost prelevate si analizate pentru
o varietate de contaminanti pentru a evalua impactul deversarilor apelor reziduale
industriale si casice care intra in rau. Analizele efectuate indica faptul ca sedimen-
tele contin concentratii mari de metale grele, produse petroliere si chimice orga-
nice. Impactul acestor sedimente asupra calitatii apei va fi administrat in timpul
pogramului de construire MWPS.

Exista o utilizare limitata a apelor raului Iscarul Mijlociu. Principala sursa de
irigarea (pentru gradinile de legume) este apa potabila. Apa potabila provine din
cursurile de apa si lacurile din muntii inconjuratori. Nu se raporteaza nici o apa
subterana folosita in zona. Iskarul Mijlociu este folosit pentru activitati recreatio-
nale incluzand pescuitul, si sporturile de apa (canotaj, caiac si rafting).

11.4.2. Vit

Raul Vit incepe dupa fuziunea raurilor BeliVitand TcherniVit izvorand din Mun-
tii Balcani. In partea cea mai de sus a raului panta ajunge pana la 200 0/00 dar in
localitatea Tetetven panta este mai mica - 100/00. Panta medie a raului este de
9.6 0/00, densitatea retelei raului este foarte mica - 0.5 km/km?. Forma bazinului
de receptie este alungita (intindere medie - 25 km) cu un numar total de afluenti
de doar zece. Altitudinea medie este de 400 m.

Partea muntoasa este acoperita cu paduri si pasuni. Valea raului se largeste
si de-a lungul cursului de apa apar zone cultivate. Acest caracter al bazinului de
receptie continua pana la fuziunea a doua rauri. Ulterior cursul principal al raului
Vit se indreapta direct spre nord intr-o vale larga cu pante mai mici ale malurilor
pana la ultimul sector al sub bazinului de receptie studiat - localitatea Tarnene in
partea de mijloc a raului. Sectiunile transversale au forme trapezoidale si terito-
riul din jurul raului este format din pasuni, gradini si campuri.

Scurgerea raului Vit, privind graficele precipitatiilor, prezinta doua maxime
- cele mai mari in primavara (Martie-Mai) si secundare, de obicei mai mici, in
toamna (Octombrie-Noiembrie). Motivul principal pentru maximele anuale sunt
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ploile adesea intense si contributia topirii zapezii in bazinul de receptie in timpul
anotimpului primavara.

Cea mai scazuta curgere se inregistreaza la sfarsitul verii (August-Septembrie)
dar unele cresteri separate ale debitului si varfuri inregistrate pot aparea in aceas-
ta perioada ca rezultat al averselor de vara. Debitul mediu de apa in orasul Tete-
ven este de aproximativ 4.34 m3/s sau 137 milioane de m? distribuite aproximativ
ca debit crescut de vara- 40%, debit secundar crescut de toamna secundar - 40% si
restul anului - 20%. Debitul mediu de apa in orasul Sadovetz este de aproximativ
12.14 m3/s sau 380 milioane de m3. Debitul mediu de apa in localitatea Tarnene
este 13.00 m3/s sau 410 milioane de m?.

In bazinul colector al Vitului Superior exista trei statii de monitorizare hidro-
metrica in orasul Teteven Town (BeliVit - deschisa in 1938), in localitatea Village
(cursul principal al Vitului- deschisa in 1935) si localitatea Tarnene (cursul principal
al Vitului- deschisa in 1935). Pentru aceasta investigatie au fost colectate debitele
zilnice in perioada 1991-2006. Datele despre precipitatii de la cinci statii in ba-
zinul de receptie pentru aceeasi perioada- statiile Ribaritza, Teteven, Lessidren,
Ugurtchin si Sadovetz.
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11.4.3. Osam

Bazinul raul Osam include parti ale Muntilor Balcani poalele dealurilor si Cam-
pia Dunarii. Muntii Troyan cuprind pantele de nord a unei parti din mijlocul Muntilor
Balcani intre Kapudjika (1.521 m) si varful Botev (2.376 m). Vaile sunt mai adanci
si mai abrupte, care curd de pe creasta Muntilor Balcani in directia nord-nord est
spre raul BeliOsam, imparte partea de nord in dealuri verticale si orizontale.
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Aceasta parte a Muntilor Balcani este caracterizata, in general, de pante abrup-
te sudice si pante nordice nu atat de abrupte. Pantele nordice sunt taiate in anumi-
te parti de rauri si impartite intr-o multitudine de dealuri in directiile sud-sub est,
nord-nord vest si nord vest-sub est. Cele mai importante creste muntoase si dealuri
din est si vest sunt: Grebana, Debelidjal, Dalgidjal, Jidovdjal, Jalnidjal, Osinaka, Pri-
soeto, Turlata, Rata, Schipkovski si altele. In partea de nord a Schipkovski-ului catre
valea raului Kalnik, exista mai multe varfuri, creste si dealuri, care sunt conectate in
diferite moduri cu Muntii Vassiljovska. Cele mai importante sunt Goljamalzhvarlenka
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si Malkalzhvarlenka, Ursel, Azmovkamak, Mominskikamak si altele.

Bazinul raului Osam acopera zone foarte fertile si lucrate. In regiunile mun-
toase si de la poalele dealurilor, zonele de suprafata sunt prevazute ca domenii
mici, multe dintre care prezinta un relief complicat si soluri cenusii de padure,
pasuni cu aluviuni si soluri aluviale. O parte considerabila a zonei de suprafata lu-
crata pe cursul mijlociu are diferite forme de relief si caracter abrupt. Zonele de
suprafata la gura raului Osam sunt soluri aluviale - si soluri aluviale de pasune si
cernoziom carbonat. Terenurile joase din Beljane au adunat carbonat si cernoziom
si aluviuni si soluri aluvionale.

In bazinul raului sunt cultivate in principal cereale (grau si porumb). Cota de
culturi specializate, culturi furajere, fructe, legume si culturi permanente este
mai mica.
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Capitolul IV
Descrierea tehnologiilor in construirea centralelor
hidroelectrice

IV.1. Configurarea amplasamentului

Obiectivul unei amenajari hidroenergetice este convertirea potentialului
energetic al unei mase de apa, care curge intr-un curent cu o anumita cadere
intr-o turbina (denumita ,,cadere”), in energia electrica la capatul cel mai de jos
al amenajarii, acolo unde este situala centrala energetica. Puterea de iesire din
amenajare este proportionala cu debitul si caderea.

Amenajarile sunt in general clasificate conform ,,Caderii”:
e Cadere mare: 100-m peste

e Cadere medie: 30 - 100 m

e Cadere mica: 2-30m

Aceste intervale nu sunt rigide, ci sunt doar mijloace de categorisire a ampla-
samentelor.

Amenajarile pot fi denumite astfel:
e Amenajari pe cursurile de apa
e Amenajari cu centrala energetica situata la baza barajului

e Amenajari integrate intr-un canal sau in conducta de furnizare a apei

IV.1.1. Amenajarile pe cursul de apa

Amenajarile pe cursurile de apa sunt cele in care turbina genereaza electrici-
tate atunci cand si unde apa este disponibila si furnizata de rau. Atunci cand raul
seaca si debitul scade sunt anumite cantitati predeterminate sau debitul tehnic
minim pentru turbina, generarea inceteaza.

Amenajarile cu caderi medii si mari folosesc baraje pentru a devia apa catre
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gura de admisie, este apoi transmisa catre turbine printr-o conducta de presiune
sau stavilar. Stavilarele sunt scumpe si in consecinta acest design este, de obi-
cei, nerentabil. O alternativa (figura 1.1) este transmiterea apei printr-un canal
cu panta joasa, care ruleaza de-a lungul raului catre presiunea de admisie sau
avancamera si dupa aceea intr-un stavilar scurt catre turbine. Daca topografia si
morfologia terenului nu permit amplasarea unui canal, o conducta de joasa pre-
siune poate fi o potiune ieftina. La iesirea din turbine, apa este deversata in rau
printr-un canal de fuga.

Ocazional un rezervor mic, stocand suficienta apa pentru a opera numai in orele
de varf, atunci cand preturile pentru electricitate sunt mai mari, poate fi creat de
catre baraj, sau un bazin de dimensiuni similare poate fi construit in avancamera.

ELEVATION

e Fig.1.1
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Amenajarile cu cadere mica sunt construite tipic in vaile raurilor. Pot fi se-
lectate doua optiuni tehnologice. Fie apa este deviata catre gura de admisie cu
un stavilar scund (figura 1.2), ca in amenajarile cu cadere mare, sau caderea este
creata de catre un dig mic, prevazut cu porti si o gura de admisie integrata (figura
1.3), centrala energetica si trecere pentru pesti.
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IV.1.2. Amenajari cu centrala energetica la baza barajului

O amenajare hidroenergetica mica nu isi poate permite un rezervor mare
pentru a opera centrala atunci cand este foarte convenabil, costul unui baraj re-
lativ mare si adaosurile sale hidraulice ar fi prea mare pentru a o face viabila din
punct de vedere economic. Dar daca rezervorul a fost deja construit pentru alte
scopuri, cum ar fi controlul inundatiilor, irigare, extragerea apei pentru un oras
mare, zona de recreatie, etc, - ar fi posibila generarea de electricitate compati-
bila cu utilizarea sa fundamentala sau debitul ecologic al rezervorului. Principala
problema este conectarea biefului amonte si a biefului aval de deschidere si cum
sa se potriveasca turbina in deschidere. In cazul in care barajul are deja un izvor
al cursului de apa la baza, vezi figura 1.4, ca o solutie posibila.

Fig. 1.4

Cu conditia ca barajul sa nu fie prea inalt, poate fi instalat un sifon la gura
de admisie. Sifoanele de admisie integrale (figura 1.5) asigura o solutie eleganta
la amenajarile, in general, cu cadere de pana la 10 metri si pentru unitati pana la
aproximativ 1000 kW, desi exista exemple de sifoane de admisie cu o capacitate
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instalata de pana la 11 MW (Suedia) si caderi de pana la 30.5 meteri (SUA). Turbina
poate fi amplasata fie in varful barajului sau pe partea din aval. Unitatea poate fi
livrata pre-ambalata din fabrica si instalata fara modificari majore la baraj.

Fig 1.5

Doua tipuri de amenajari pot fi proiectate pentru exploatarea canalului de irigare:

e Canalul este largit pentru a cuprinde gura de admisie, centrala electrica,
canalul de evacuare si canalul de ocolire. Figura 1.6 prezinta o amenajare
de acest tip, cu o centrala energetica subacvatica echipata cu o turbina
Kaplan cu transmisie in unghi drept. Pentru a garanta furnizarea cu apa
pentru irigatie, amenajarea ar trebui sa includa un canal de ocolire lateral,
ca in figura, in caz de inchidere a turbinei. Acest tip de amenajare trebuie
sa fie proiectata in acelasi timp cu canalul, deoarece lucrarile aditionale in
timp ce canalul este in functiune pot fi o optiune foarte scumpa
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e In cazul in care canalul exista deja, 0 amenajare ca cea prezentata in figura
1.7 este o optiune potrivita. Canalul ar trebui sa fie usor largit pentru a in-
clude gura de admisie si canalul deversor. Pentru a reduce latimea gurii de
admisie la minim, trebuie instalat un canal deversor. De la gura de iesire,
un stavilar de-a lungul canalului aduce apa sub presiune catre turbine. Apa
trece prin turbina si este intoarsa in rau printr-un canal de evacuare.
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IV.1.3. Amenajarile integrate in sistemul de extragere a apei

Apa potabila este furnizata catre oras prin transportarea apei dintr-un bief
amonte prin conducta de presiune. De obicei, in acest tip de instalatie, disiparea
energiei de la capatul inferior al conductei de la intrarea in Instalatia de Tratarea
a apei se face prin utilizarea unor valve speciale. Montarea unei turbine la capatul
conductei, pentru a transforma energia, altfel pierduta, in electricitate, este o
optiune atractiva, cu conditia ca fenomenul de berbec hidraulic sa fie evitat. Su-
prapresiunile ciocanului hidraulic sunt in special critice atunci cand turbina este
montata pe o conducta de presiune veche. Pentru a asigura furnizarea apei tot
timpul, trebuie instalat un sistem de valve cu rute ocolitoare. In unele sisteme de
furnizare a apei turbina intr-un bazin in aer deschis.

—— Fig. 1.8

Controlul sistemului mentine nivelul bazinului. In cazul unei blocari mecanice sau
de defectare a turbinei, sistemul de valve cu rute ocolitoare poate mentine nivelul
bazinului. Ocazional, in cazul in care valva principala a canalului de ocolire nu functio-
neaza, o valva auxiliara este rapid deschisa printr-o contragreutate. Toate deschiderile
si inchiderile acestor valve trebuie sa fie suficient de lente pentru a mentine variatiile
de presiune in limite acceptabile. Sistemul de control trebuie sa fie mai complex in
acele sisteme in care debitul turbinei se supune contrapresiunii retelei.

IV.2. Planificarea unei amenajari mici de hidrocentrala

Proiectul definitiv sau amenajarea vine ca rezultat al unui proces complex si
iterativ, in cazul in care se ia in considerare impactul asupra mediului si diferitele
optiuni tehnologice. Dupa aceea acestea sunt estimate din punct de vedere al cos-
tului si se efectueaza o evaluare economica.

Desi nu este usor sa se furnizeze un ghid detaliat cu privire la modul de eva-
luare al amenajarii, este posibila descrierea etapelor fundamentale care trebuie
urmate, inainte de a decide daca trebuie sa se procedeze la un studiu de fezabili-
tate detaliat sau nu. O lista a studiilor care trebuie intreprinse:

» Topografia si geomorfologia amplasamentului.
» Evaluarea sursei de apa si potentialul sau de generare
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» Selectarea amplasamentului planul de baza x turbine si generatoare hi-
draulice si controlul acestora

» Evaluarea impactului asupra mediului si masuri de atenuare
» Evaluarea economica a proiectului si potentialul financiar

» Cadrul institutional si proceduri administrative pentru a atinge acordurile
necesare

Apa care curge de-a lungul canalelor naturale si a celor construite de om, re-
alizate prin conducte de joasa si inalta presiune, deversand peste pragurile dever-
sorului si miscand turbinele implica aplicarea unor principii fundamentale de ingi-
nerie in mecanica fluidelor. In Capitolul 2 aceste principii sunt revizate impreuna
cu comenzile rapide care rezulta din experienta acumulata de-a lungul secolelor
de constructii de sisteme hidraulice.

Pentru a decide daca o amenajare va fi viabila este necesar sa se inceapa prin
evaluarea sursei de apa existenta la amplasament. Potentialul energetic al amena-
jarii este proportional cu produsul debitului si caderii. Cu exceptia caderilor foarte
mici, caderile brute pot fi considerate ca fiind constante, dar debitul variaza de-a
lungul anului. Pentru a selecta cel mai adecvat echipament hidraulic si pentru a
estima potentialul amplasamentelor cu calcularea productiei anuale de energie,
este foarte folositoare o curba de durata a debitelor. O singura masurare a debitu-
lui instantaneu al unui curent are o valoare mica.

Masurarea caderii brute necesita un studiu topografic, rezultatele obtinute,
prin utilizarea nivelului unui geometru si a personalului responsabil sunt destul de
precise, dar recentele progrese ale echipamentelor electronice de evaluare fac ca
lucrarile topografice de estimare sa fie mai simple si mai rapide. Pentru a efectua
0 curba de durata a debitelor pe un amplasament calibrat este mai usor decat
efectuarea unei curbe de durata a debitelor pe un amplasament necalibrat. Acest
fapt necesita o intelegere mai profunda a hidrologiei.

Sunt analizate diferite metode de masurare a cantitatii de apa dintr-un cu-
rent si sunt discutate modele hidrologice pentru a calcula regimul debitului pe un
amplasament necalibrat.

Tehnici cum ar fi ortofotografia, RES, GIS, geomorfologia, geotectonica, etc-
utilizate pentru evaluarea amplasamentului. Unele esecuri sunt analizate, de ase-
menea, si sunt explicate concluziile despre cum ar fi putut fi evitate. In Capitolul 5
sunt explicate aspectele de baza si sunt studiate in detaliu structurile hidraulice,
cum ar fi baraje, canale, canale deversoare, guri de admisie si stavilare.

O evaluare a impacului asupra mediului poate fi necesara pentru a obtine
autorizatiile necesare pentru construirea unei amenajari si utilizarea apei disponi-
bile. Desi mari studii recente au aratat ca centralele hidroelectrice mici nu produc
emisii in atmosfera, nu produc deseuri de toxine, nu contribuie la schimbarile cli-
matice, proiectantii ar trebui sa implementeze toate masurile necesare pentru a
reduce impactele ecologice locale.

Din pacate, dereglementarea recenta, o mare parte din industria energiei
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electrice in UE a facut dificila stabilirea unei proceduri comune de urmat. Cu cati-
va ani in urma ESHA a efectuat (Decembrie 1994) in numle E.C. DGXVII, un raport
,Microhidrocentrale. Cadrul general pentru procedurile legislative si de autorizare
in Uniunea Europeana”, si desi nu este actual, inca mai are multe aspecte valabile.
Raportul poate fi gasit pe pagina www.esha.be, pagina de web a ESHA. Conside-
ratii suplimentare pentru dezvoltator de luat in considerare sunt tarifele de tran-
zactionare pentru energia verde si de baza si procedurile administrative, pentru
conectarea la retea. Acestea depind de politica energiei si de cadrul institutional
al fiecarei tari.

IV.3. Debitul apei in conducte

Un corp de apa va avea o energie potentiala datorita vitezei sale si inaltimii
verticale cu care cade, (ca o diferenta in nivelele de apa este ceea ce conduce
fluxul apei), care este cunoscut ca si “caderea sa”. Aceasta energie este ,,Energia
Gravitationala potentiala” ceea ce este produsul de masa, accelerarea datorita
efectelor gravitatii si caderea m.g.h si in general este exprimata in Jouli (J). Ca-
derea energiei in apa care curge printr-o conducta inchisa a unei sectiuni transver-
sale inchisa, sub o anumita presiune, este data de ecuatia lui Bernoulli:
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Pentru un canal deschis, se aplica aceeasi ecuatie, dar cu termenul P1/y in-
locuit de d1, adancimea apei.

Daca apei ii este permis sa curga foarte lent printr-o conducta de sticla,
dreapta, lunga cu un calibru mic in care un curent subtire de apa colorata este
introdus la intrarea in conducta, apa colorata ar aparea ca o linie dreapta de-a
lungul conductei. Acest efect este cunoscut sub denumirea de curent laminar. Apa
curge in straturi, ca o serie de conducte concentrice cu pereti subtiri. Conducta
virtuala exterioara adera la peretele conductei reale, in timp ce fiecare dintre
cele interioare se misca cu o viteza usor mai mare, care atinge valoarea maxima
aproape de centrul conductei. Distribuirea vitezei are forma unei parabole si vite-
za medie (figura 2.1) este de 50% din viteza maxima a liniei centrale.
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In cazul in care cota debitului este crescuta gradual, se atinge un punct in care
debitul stratului se disperseaza brusc si se amesteca cu apa inconjuratoare. Par-
ticulele care sunt aproape de perete se amesteca cu cele din mijlocul curentului,
miscandu-se cu o viteza mai mare, incetinindu-le. In acest momentu curentul de-
vine turbulent si curba de distribuire a vitezei este mult mai plata. Experimentele
efectuate de Osborne Reynolds, aproape de sfarsitul secolului 19, au evidentiat ca
tranzitia de la curentul laminar la curentul turbulent depinde, nu numai de viteza,
dar si de diametrul conductei si de vascozitatea fluidului, si este un coeficient de
inertie de forte fata de vascozitate. Acest coeficient este cunoscut ca numarul lui
Reynolds si poate fi exprimat in cazul unei conducte circulare.

Din experimente s-a constatat ca pentru fluxurile in conductele circulare nu-
marul Reynolds critic este aproximativ 2000. De fapt aceasta tranzitie nu are loc
intotdeauna la exact Re=2000 ci variaza in functie de conditii. Prin urmare, este
mai mult decat o gama de tranzitie.

IV.3.1. Debit tranzitoriu

In cazul curgerilor stationare unde debitul se presupune ca ramane constant
in timp, presiunea de operare in orice punct de-a lungul stavilarului este echiva-
lent cu caderea de apa deasupra acelui punct. Daca are loc o schimbare de curent
brusca, de exemplu atunci cand operatorul centralei, sau administratorul sistemu-
lui deschide sau inchide portile prea rapid, modificarea brusca in viteza apei poate
cauza presiuni periculoase scazute si inalte. Acest val de presiune este cunoscut
drept lovitura de berbec, sau suprapresiune, si efectele sale pot fi dramatice. Sta-
vilarul poate izbucni de la suprapresiune sau ceda daca presiunile sunt reduse sub
cele atmosferice. Desi tranzitorie, unda de presiune indusa ,,fenomenul de lovitura
de berbec” poate fi de o0 magnitudine mai mare de cateva ori decat presiunea sta-
tica din cauza caderii. In conformitatea cu a doua lege a lui Newton, forta dezvol-
tata in stavilar, prin schimbarea brusca a vitezei, va fi:

F:md—V
dt

In cazul in care viteza coloanei de apa s-ar putea reduce la zero, forta rezultata
ar deveni infinita. Din fericire acest lucru nu este posibil in practica; o valva meca-
nica necesita un anumit timp pentru inchiderea totala si peretii conductei nu sunt
perfect rigizi si coloana de apa sub presiuni mari nu este rezistenta la compresie.

Urmatoarea descriere ilustreaza cum schimbarea de viteza, cauzata de o in-
chidere instantanee a portii, sau valva, la capatul conductei creaza un val de
presiune care traverseaza lungimea conductei. Initial, apa curge cu o viteza (Vo)
asa cum este prezentata in (a). Atunci cand poarta se inchide, apa care curge prin
conducta are tendinta de a continua curgerea datorita cantitatii sale de miscare.
Datorita faptului ca aceasta cantitate de miscare este oprita fizic de inchiderea
portii, ea se ,,strange” din spate, energia cinetica a elementului apei in apropierea
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portii este convertita in energie de presiune, care usor comprima apa si extinde
circumferinta conductei in acel punct (b). aceasta actiune este repetata de ur-
matoarele elemente de apa (c), si valul frontal al presiunii crescute traverseaza
lungimea conductei pana ce viteza apei Vo este distrusa, apa este comprimata,
conducta este extinsa pe intreaga ei lungime (d). In acest punct, energia cinetica
a apei este convertita in energie de deformatie (sub compresie crescuta) si energia
de deformatie a conductei (sub tensiune crescuta).

Datorita faptului ca apa in rezervoare ramane sub presiune statica normala
dar apa in conducta este acum sub o presiune mai mare, curentul se revarsa si este
fortat inapoi in rezervor din nou cu viteza Vo(e). Deoarece apa sub compresie ince-
pe sa curga inapoi, presiunea in conducta este redusa la presiunea statica normala.
Un val de presiune “neincarcata” calatoreste dupa aceea in jos pe conducta spre
poarta (f) pana ce energia de deformatie este convertita in energie cinetica (g).
Cu toate acestea, spre deosebire de cazul (a), apa curge acum in directia opusa si
datorita cantitatii ei de miscare apa, din nou, incearca sa mentina aceasta vite-
za. Comportandu-se in acest fel, strange elementul de apa din apropierea portii,
reducand presiunea acolo si contractand conducta (h). Acest lucru se intampla cu
succesive elemente de apa si un val negativ de presiune se propaga inapoi in re-
zervor (i) pana ce intreaga conducta este sub compresie si apa sub presiune redusa
(j)- Acest val negativ de presiune ar avea aceeasi magnitudine ca presiunea initiala
pozitiva daca s-ar asuma ca pierderile de frictiune nu. Viteza atunci se reduce
la zero dar presiunea mai scazuta in conducta in comparatie cu cea din rezervor
forteaza apa sa curga inapoi pe conducta (k). Unda de presiune calatoreste inapoi
spre poarta (e) pana ce intreg ciclu este complet si incepe cel de-al doilea ciclu
(b). Viteza cu care presiunea frontala se misca este o functie a vitezei sunetului in
apa modificata de caracteristicile elastice ale materialului conductei. In realitate,
teava de presiune este de obicei inclinata dar efectul ramane acelasi, cu unda de
presiune la fiecare punct de-a lungul conductei la care se adauga si se substrage
presiunea statica in acel punct. De asemenea, efectul de amortizare a frictiunii
cauzeaza energia cinetica a curentului sa se risipeasca treptat si amplitudinea
oscilatiilor de presiune sa scada in timp. Desi anumite valve se inchid aproape in-
stantaneu, inchiderea se face de obicei in cateva secunde. Totusi, in cazul in care
valva se inchide inainte ca unda de presiune sa se intoarca spre poarta conductei
(g), varful presiunii ramane neschimbat-toata energia cinetica continuta de apa in
apropierea portii va fi convertita, eventual, in energie de deformatie si rezulta in
acelasi varf de presiune ca si cand poarta s-ar inchide instantaneu. Cu toate aces-
tea, in cazul in care poarta se inchide numai partial, pana cand unda de presiune
initiata se intoarce la poarta (g), nu toata energia cinetica ar fi fost convertita in
energie de deformatie si varful de presiune va fi mai mic. In cazul in care poarta
continua sa fie inchisa, unda de presiune pozitiva, care s-ar crea, va fi redusa intr-
un fel de presiunea negativa (h) unda creata cand poarta a inceput initial inchide-
rea. In consecinta, daca porta se inchide sau deschide intr-un timp mai mare decat
cel necesar pentru unda de soc sa calatoresca catre rezervor si inapoi la poarta,
varfurile undei de presiune sunt reduse.

Viteza apei sau viteza sunetului, in apa este de aproximativ 1420 m/s. Cu
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toate acestea, viteza valului intr-o conducta - viteza cu care unda de presiune
calatoreste de-a lungul conductei - este o functie atat a caracteristicilor elestice
ale apei cat si ale materialului conductei.

V poate fi presupus ca egal cu viteza curentului initial y V0. Cu toate acestea,
daca t este mai mare decat Tc, atunci valul de presiune atinge valva inainte ca aceas-
ta sa fie complet inchisa, si suprapresiunea nu se va dezvolta pe deplin, deoarece
valul negativ reflectat care ajunge la valva va compensa pentru cresterea presiunii.

IV.3.2. Curgerea apei in canale deschise

In conductele inchise apa umple intreaga conducta, in canalul deschis exista
intotdeauna o suprafata libera. In mod normal, suprafata este supusa presiunii
atmosferice, la care se face referinta ca la referinta zero de presiune, si de obicei
considerata constanta de-a lungul intregii lungimi a canalului. Intr-un fel acest
fapt, prin scaderea terenului de presiune, faciliteaza analiza, dar in acelasi timp
induce o noua dilema. Adancimea apei se modifica odata cu conditiile curentu-
lui, si estimarea sa in fluxuri instabile este parte a problemei. Orice tip de canal,
chiar si unul stramt, are o distribuire tridimensionala a vitezelor. Un principiu bine
stabilit in mecanica fluidului este ca orice particula in contact cu o limita solida
stationara are o viteza zero. Figura 2.2 ilustreaza liniile izo-vitezei in canale de di-
ferite profile. Abordarea mecanica se bazeaza pe teoria stratului limita; abordarea
tehnologica are de-a face cu viteza medie V.

Fluxul unui canal este considerat constant atunci cand adancimea pe orice
sectiune a intinderii nu se schimba in timp, si instabila daca se schimba in timp.
Despre fluxul unui canal deschis se spune ca este uniform atunci cand debitul si
adancimea apei in fiecare sectiune a lungimii canalului nu se schimba in timp. In
consecinta, se spune ca este variabil ori de cate ori debitul si/sau adancimea apei
se schimba de-a lungul sau. Fluxul neuniform este o intamplare rara, si ca si fluxul
neuniform se intelege si aparitia fluxului constant uniform. Fluxul constant variabil
este de obicei treptat sau rapid.

A4

triangular  channel frapezoidal channel

shallow ditch natural watercourse

Fig. 2.2

IV.4. Debitul cursului de apa

Intreaga generare hidroelectrica depinde de apa curgatoare. Acest lucru face
ca hidrocentrala sa fie un amplasament extrem de dependent. In primul rand,
este necesar un debit de curs de apa de incredere si suficient. In al doilea rand,
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conditiile topografice ale amplasamentului trebuie sa permita coborarea trepta-
ta a raului intr-o sectiune de rau concentrata intr-un singur punct care sa ofere
suficienta cadere pentru generarea de energie. Aceasta cadere poate fi creata de
baraje sau prin conducerea apei paralele cu raul intr-o deschidere cu pierderi de
cadere reduse in comparatie cu cursul natural, sau foarte adesea, prin combinarea
ambelor. Planificarea pentru exploatarea unui sector de rau sau un amplasament
specific este una dintre sarcinile ambitioase pe care le infrunta un inginer hidroe-
lectric, deoarece exista un numar nelimitat de moduri practice in care un rau sau
un amplasament poate fi exploatat.

Inginerul hidroelectric trebuie sa gaseasca solutia optima pentru configurarea
centralei, incluzand tipul de baraje, sistemul de transportare al apei, capacitatea
instalata de generare, locatia si diferitele structuri etc. succesul unui inginer hi-
droelectric depinde de experienta si de un talent ,,artistic”, intrucat este imposi-
bila abordarea de optimizare strict matematica, datorita numarului de posibilitati
si conditii specifice de amplasament.

Atunci cand un amplasament este identificat ca fiind adecvat din punct de
vedere topografic, prima sarcina este investigarea disponibilitatii unei furnizari
adecvate cu apa. Pentru cursurile de apa necalibrate, acolo unde observatiile asu-
pra curgerii pe o lunga perioada de timp, nu sunt valabile, se implica stiinta de
hidrologie, studiul precipitatiilor si debitul cursului de apa, masurarea bazinelor
de colectare, zonele de captare, evapotranspiratia si geologia suprafetei.

Figura ilustreaza modul in care apa care curge de la punctul A catre punctul B,
cu cresteri ZA si ZB, pierde energie potentiala care corespunde scaderii in eleva-
tie. Aceasta pierdere de energie potentiala are loc indiferent de calea de-a lungul
cursului de apa sau printr-un canal deschis, stavilar si turbina. Energia potentiala
pierduta poate fi convertita in energie pierduta conform ecuatiei:

P=QHgy

Apa poate urma albia, pierzand energie prin frictiune si turbulenta rezultand
intr-o crestere marginala a temperaturii apei. Sau poate curge de la Ala B printr-un
sistem de transport articicial cu o turbina la capatul sau mai mic. In aces caz ener-
gia va fi folosita in principal in operarea turbinei, si 0 mica parte este pierduta prin
frictiune in sistemul de transport. In cel din urma caz este energia pierduta prin
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impingerea in turbina care va fi transformata in energie mecanica si dupa aceea,
prin rotatia generatorului, in producerea de electricitate.

Obiectivul este reducerea costurilor de constructie in timp ce se pastreaza can-
titatea maxima de energie disponibila generatorului. Pentru a estima potentialul apei
este nevoie de cunoasterea variatiei de curgere de-a lungul anului si cat de mare este
brutul disponibil al caderii. In cele mai bune circumstante autoritatile hidrologice ar
instala o centrala calibrata pe sectiunea unui curs de apa pentru care datele asupra
debitului de curgere ar fi fost colectate in mod regulat timp de mai multi ani.

Din pacate, este destul de neobisnuit ca masurarea debitelor de apa sa fi avut
loc pe sectorul de rau unde se propune dezvoltarea unei amenajari hidroelectrice.
Daca totusi se intampla, atunci va fi suficient sa se faca uz de una dintre abordarile
care poate fi folosita pentru a estima un debit anual mediu si de curba de durata a
debitelor pentru sectorul in cauza (aceste abordari vor fi explicate mai tarziu).

Indiferent daca a avut loc sau nu o calibrare, primul pas este efectuarea unor
cercetari, pentru a certifica daca exista inregistrari ale debitului de apa pentru
sectorul in cauza. Daca nu, atunci atunci pe alte sectoare ale aceluiasi rau sau ra-
uri similare in zona care sa permita reconstruirea a seriilor de timp pentru sectorul
de rau prevazut.

IV.4.1. Estimarea capacitatii centralei si cantitatea de energie

FDC furnizeaza mijloace de selectare a debitului corect, si luarea in consi-
derare a curgerii de rezerva si a curgerii minime a turbinei din punct de vedere
tehnic, se face o estimare a capacitatii centralei si a cantitatii de energie medie
anuala. Figura 3.12 FDC ilustreaza amplasarea care urmeaza sa fie evaluata. De-
bitul calculat trebuie sa fie identificat printr-un proces de optimizare, studiind o
varietate de diferite debite, care, in mod normal, ofera un calcul optim al debitu-
lui semnificativ mai mare decat diferenta intre debitul mediu anual si debitul re-
zervat. De indata ce debitul calculat este definit si caderea neta estimata, trebuie
identificat un tip corespunzator de turbina (referinta in capitolul 6). Figura 3.12
arata regiunea utilizabila a curbei de durata a debitelor. Fiecare turbina selectata
are un debit minim din punct de vedere tehnic (cu o scurgere mai mica cu care fie
turbina nu poate functiona sau o eficienta foarte scazuta) si eficienta sa este in
functie de debitul de operare.
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Figura de mai sus ilustreaza amplasarea care urmeaza sa fie evaluata. Debitul
calculat trebuie sa fie identificat printr-un proces de optimizare, studiind o vari-
etate de diferite debite, care, in mod normal, ofera un calcul optim al debitului
semnificativ mai mare decat diferenta intre debitul mediu anual si debitul rezer-
vat. De indata ce debitul calculat este definit si caderea neta estimata, trebuie
identificat un tip corespunzator de turbina.

Figura de mai sus arata regiunea utilizabila a curbei de durata a debitelor.
Fiecare turbina selectata are un debit minim din punct de vedere tehnic (cu o scur-
gere mai mica cu care fie turbina nu poate functiona sau o eficienta foarte scazuta)
si eficienta sa este in functie de debitul de operare.

Productia medie de energie anuala (E in kWh) este in functie de:
E=t (Qmedian_., Hu_., Nturbiner Y]gearbox, Ttransformer, Y, h)

Unde:

» Q... = debitul in m*/s pentru etapele graduale pe curba de durata a debitelor
» H = caderea specifica neta

> N,,.i= €ficienta turbinei, o functie a Qmediu

= eficienta generatorului

ngenerator

= eficienta transmisiei

r]transmisie

= eficienta transformatorului

4 r]transformator

» y = greutatea specifica a apei (9.81 KN/m?3)
» h = numarul de ore in care are loc debitul specificat.

Productia de energie poate fi calculata prin impartirea zonei utile in fasii de
crestere graduala verticala de 5% incepand de la origine. Fasia finala va intersecta
FDC 1a Qy Qeservae CAre €ste mai mare. Pentru fiecare fasie Qg este calculat,
valoarea corespunzatoare a h . este definita pentru curba corespunzatoare de
eficienta, si contributia de energie a fasiei este calculata utilizand ecuatia:

E =W X Qmedian X H X Cturbine X Cgenerator X Cgearbox X Ctransformer X Oxh

Unde:

» W = latimea fasiei = 0.05 pentru toate fasiile cu exceptia ultimei care ar
trebui calculata

» h = numarul de ore intr-un an
» y = greutatea specifica a apei (9.81 KN/m?)

Productia medie anuala de energie este suma contributiei de energie pentru
fiecare fasie. Capacitatea fiecarei turbini (kW) va fi data de produsul debitului lor
calculat (m3/s), caderea neta (m), eficienta turbinei (%), si greutatea speifica a
apei (kNm3).
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Tip turbina Qmin(% of Qcalcul)
Francis 50
Semi Kaplan 30
Kaplan 15
Pelton 10
Turgo 20
Propeller 75

Nivelul apei in amonte poate varia in functie de debit. In cazul in care gura
de admisie a bazinului este controlata de un baraj deversor fara nicio poarta, ni-
velul apei va creste cu debitul. Cu toate acestea, in cazul in care gura de admisie
a bazinului este controlata de porti in scopul functionarii la un nive specific al
rezervorului, nivelul apei poate ramane constant chiar si in timpul perioadelor de
debit ridicat. In timpul perioadelor cu debit scazut, nivelul apei in amonte poate
fi mai scazut datorita golirii rezervorului.

Pierderile de cadere in sistemul de aductie variaza in functie de standardul
debitului admis, si prin urmare pentru sezoanele cu debit scazut cu debit scazut in
turbina, pierderile de cadere in sistemul de aductie poate fi redus.

Nivelul apei in aval poate varia in functie de debit. Acest lucru depinde de
corpul de apa in care apa este evacuata. In cazul evacuarii direct in bazinul biefu-
lui amonte controlat de porti intr-o dezvoltare in aval, nivelurile apei pot ramane
aproape constante chiar si pentru debite mai mari. Daca apa este evacuata intr-un
curs natural, nivelurile de apa din nou pot varia in mod considerabil.

Nivelul biefului amonte este in mod normal mentinut de creasta deversorului
cand intregul debit al raului trece prin turbine. Atunci cand debitul raului depa-
seste debitul maxim al turbinei, excesul debitului de apa va trece peste dever-
sor. Nivelul rezervorului care corespunde diferitelor debite ale deversorului pot fi
usor calculate. In acest caz masurand caderea peste creasta deversorului avem in
acelasi timp nivelul suprafetei apei la gura de admisie si debitul raului (incluzand
debitul de la turbine).

IV.5. Evaluarea amplasamentului

Caderea bruta poate fi evaluata rapid, fie prin supravegherea sau utilizarea
SGP (Sistemul Global de Pozitionare) sau prin tehnici ortofotografice. Cu ajutorul
principiilor hidraulice tehnice subliniate in Capitolul 2 caderea neta poate fi de-
terminata. Cu toate acestea, selectia unei solutii tehnice corespunzatoare pentru
amplasament va fi rezultatul unui proces indelungat, itirativ, in care problemele
de mediu si topografice pentru un anumit amplasament, sunt foarte importante.
Acesta este motivul pentru care sunt necesare cunoasterea profunda a principi-
ilor pentru a evita esecurile periculoase in functionarea centralei. Tehnologiile
de supraveghere trec printr-o schimbare revolutionara, si utilizarea tehnologiilor
mentionate mai sus pot ajuta foarte mult la proiectarea amenajarii si reducerea
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costurilor acesteaia.

IV.5.1. Cartografie

In tarile industrializate, hartile scalate sunt de obicei valabile. Teritoriul UE a
fost sau este digitalizat, si cartografia la scara la fel de mare ca 1:5 000 este deja
valabila. Pe de o parte, in tarile in curs de dezvoltare, dezvoltatorul va fi norocos
daca va gasi harti la scara 1:25 000.

Fotografiile aeriene de topografie pot fi inlocuite de harti daca nu pot fi gasite
la scara necesara. Cu toate acetea fotografiile aeriene sunt diferite de harti intr-o
privinta importanta. O harta are o scara variabila controlata sau uniforma, aceasta
din urma fiind dependenta de alegerea proiectarii hartii. Fotografiile aeriene, -e de
alta parte, nu au o scara care se schimba in mod neuniform sau constant. In afara
de imperfectiunile lentilelor, care pentru toate scopurile practice pot fi considerate
neglijabile, doi factori majori sunt responsabili pentru variatiile in scara fotografiei:

» Relieful topografic- terenul, indeferent de cat este de plat, nu este nicio-
data orizontal - si...

» Inclinarea axei optice a camerei.

» Camerele moderne sunt capabile sa elimine denaturarea, care rezulta din
inclinarea lor axiala. In plus, fotografiile aeriene pot fi vizualizate din punct
de vedere stereoscopic sau tridimensional. Efectul stereoscopic permite
geologului sa identifica tipurile de roca, sa determine structurile geologice,
si sa detecteze instabilitatea pantelor si inginerul poate aduna datele nece-
sare pentru construirea barajului, canalelor deschise si stavilarului.

In functie de precizia necesara, fotografiile digitale pot fi geocodate (legate
la un sistem coordonare si proiectie harta) si ortorectificate. Denaturarea de la
lentilele camerelor este eliminata prin utilizarea punctelor de control al solului de
la harti, date de sondaj si vectori clienti GPS. Aceasta este o modalitate eficienta
de a ortocorecta fotografiile aeriene. Rezolutii de 30 cm pana la un metru se pot
realiza cu ortoaparatele digitale. Pot fi produse pe CDROM sau dischete atat orto-
fotografiile digitale cat si copiile brute.

Cu aceste harti este posibil sa se localizeze gura de admisie, marcarea albi-
ei deschise si stavilarului, cu suficienta precizie pentru studiile de fezabilitate si
chiar si pentru contractori sa se angajeze in faza de licitatie pentru constructie.

Pot fi descoperite probleme geologice cu fotografiile stereoscopice, in special
cele referitoare la stabilitatea pantelor care poate cauza situatii periculoase.

IV.5.2. Studii geochimice

Foarte adesea, necesitatea de a proceda cu studii detaliate geologice ale
amplasamentului, sunt subestimate. In multe cazuri, cu consecinte regretabile-
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infiltratia sub baraj, alunecarea albiei deschise etc.

Din fericire in statele membre ale UE si in multe alte tari din intreaga lume,
hartile geologice bune permit estimarile initiale, pentru securitatea fundatiilor
barajului, stabilitatea pantelor si permeabilitatea terenului. Cu toate acestea,
uneori, aceste informatii ar trebui sa fie completate, cu lucrari speciale pe teren,
de foraj si de prelevare a probelor.

Structurile hidraulice trebuie sa se bazeze pe fundatii de nivel, cu pante late-
rale adecvate, care sa nu faca obiectul problemelor de stabilitate. Exista un numar
mare de programe computerizate pentru stabilitatea pantelor, variind de la o sim-
pla abordare duo-dimensionala pana la analize grafice colorate tri-dimensionale
sofisticate. Catalogul de esecuri, in special la proiectarea canalului, este atat de
mare incat un studiu geomorfologic minin al terenului trebuie recomandat in prima
etapa a proiectului. Problema este acuta in special pentru amenajarile montane
inalte, acolo unde constructia poate fi intr-o zona de suprafata alterata de intem-
perii, afectata de diferite caracteristici geomorfologice cum ar fi alunecarea de
teren, soluflutiune, alunecarile de teren plane si rotationale si caderile de stanca.

Stavilarul si rezervorul sau corespunzator poate fi afectat de instabilitatea
formatiilor superficiale care pot fi prezente in zona sa de influenta, dar in acelasi
timp bazinul insusi poate fi afectat de aceste formatiuni. In cazul in care stavilarul
trebuie sa fie plasat pe teren neconsolidat variatia nivelului apei poate genera in-
stabilitate pe pantele udate ale rezervorului.

De-a lungul canalului deschis multe caracteristici geomorfologice pot afecta
linia sa selectata, care, impreuna cu o panta abrupta a terenului, pot conduce la o
pontentiala instabilitate. Formatiuni coluviale, produs al intempriilor mecanice a
maselor de roca, si procesele de solufluctie, sunt active in medii muntoase inalte
in care subsolul este ud intr-un anumit anotimp sau tot anul- exista anumite carac-
teristici care pot compromite stabilitatea canalului.

Se recomanda tratamentele de drenaj, constructia reperului si tratamentele de
beton tocretat, printre multe altele. La capatul albiei, bieful amonte actioneaza ca
un mini rezervor pentru stavilar. Frecvent, autoritatile solicita ca toate sectiunile de
indiguire pentru retinerea apei sa fie supuse unei analize de stabilitate indiferent de
configurarea acestora. Proiectarea stavilarului, de obicei plasat pe o panta abrupta,
pune probleme atat pentru blocurile sale de ancorare cat si de impact vizual.

Adanc in vale, frecvent construite pe terasa vechiului rau, amplasarea centra-
lelor electrice ridica probleme care, de multe ori, pot fi rezolvate prin utilizarea
de tehnici ca cimentarea canalului rotor.

In stiinta geologica, exista o gama variata de tehnici geomorfologice care pot
fi folosite inclusiv cele mai frecvente:

» Fotogeologia. Dupa cum s-a mentionat mai sus fotogrammetria - la scari de
la 1:10 000 la 1:5 000 - permite geologului identificarea tipurilor de roca,
determinarea structurilor geologice si detectarea instabilitatii pantei.

» Hartile geomorfologice. Rezultatul analizelor fotogrammetrice completa-
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te cu reszultatele achetei de teren trebuie combinate pe Harta Geomor-
fologica. Aceasta harta se bazeaza pe una topografica si este facuta la o
scara intre 1:10 000 si 1:5 000, in mod corespunzator clasificata folosind
simboluri simple, ar trebui sa arate toate formatiunile de suprafata care
afecteaza structurile hidraulice propuse

» Analizele de laborator. Testele traditionale de laborator cum ar fi clasi-
ficarea solului, si consolidarea triaxiala faciliteaza clasificarea formarii de
suprafata. Rezultatele trebuie incluse in harta geomorfologica

» Studiile geofizice. O investigatie geofizica fie electrica sau seismica (prin
refractie) va contribui la o intelegere mai buna a grosimii superficiale de
formare, localizarea sectiunilor cu alunecari de teren, circulatia interna a
apei, si importanta volumetrica a potentialelor formatiuni instabile

» Analiza geologica structurala. Desi nu este o tehnologie geomorfologica
corespunzatoare poate ajuta la rezolvarea problemelor in zona de captare
si in acele cazuri in care conductele hidraulice trebuie sa fie tuneluri in
masivele de stanca. Stabilitatea rocii si infiltratia in fundatia structurilor
hidraulice sunt probleme care pot fi rezolvate prin aceasta metodologie,
evitand incidente dramatice in timpul functionarii

» Investigatiile directe - Forarea puturilor. Acest lucru este mai putin obis-
nuit pentru amplasamentele hidro mici. Cu toate acestea atunci cand
barajul sau stavilarul trebuie plasate pe strat neconsolidat, este esential un
program de forare, urmat de teste de laborator ale probelor extrase. Unele
dintre aceste teste recomandate sunt:

= Teste de permeabilitate ale forarilor, cum ar fi Lugeon sau Testul de
Presiune Joasa, pentru a defini circularea apei in fundatie

= Teste de laborator care sa determine rezistenta la compresiune a pro-
belor pentru a defini caracteristicile acestora.

Completand testele de mai sus, un eseu seismic asupra refractiei geofizice
pentru a defini coeficientul deformarii dinamice a masivului de stanca in adancime
poate fi recomandat in cazul digurilor inalte.
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IV.6. Structura hidraulica

Dezvoltarea unei centrale hidroenergetica include un numar de structuri, a
caror proiectare va depinde de tipul de amplasament, conditiile locale, acces la
materialul de constructie si traditiile de constructie locale in tara sau regiune.
Urmatoarele structuri sunt comune intr-un sistem hidro:

» Structura de deviere a cursului

= Baraj

= Canal deversor

= Aranjarea disipatiei de energie

= Trecere pentru pesti

= Aranjamente reziduale de debit
» Sistemul de transport al apei

= Gura de admisie

= Canale

= Tuneluri

= Stavilare

= Centrala energetica

Aspectele legate de proiectare si solutiile comune pentru aceste structuri
sunt prezentate mai jos.

IV.6.1. Baraj

IV.6.1.1. Baraj

Barajele si stavilarele sunt destinate in principal pentru devierea fluxului de
rau in sistemul de transport al apei catre centrala energetica. Barajele produc, de
asemenea, o cadere suplimentara si ofera o capacitate de stocare. Alegerea tipu-
rilor de baraje depinde in mare parte de conditiile geotehnice si topografice. De
exemplu daca roca solida nu este disponibila la adancimi de excavare rezonabile,
structuri solide cum ar fi barajele de beton sunt dificile. In schimb, pentru vaile
inguste, poate fi dificil gasirea spatiului pentru canale deversoare separate si ba-
rajele de beton pot fi alegerea naturala cu posibilitatilor lor inerente de a integra
canalele deversoare etc in corpul barajului.

In tarile nordice, epoca de gheata ne-a lasat cu vai largi si deschise si mate-
riale de morena din belsug. Nu este surprinzator faptul ca majoritatea barajelor
vaste sunt corpuri de baraj cu un nucleu central de morena. La sud de Alpi argilele
naturale potrivite pentru nucleul barajului nu sunt in abundenta si topografia in
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multe locatii este in favoarea barajelor din beton.

In conformitate cu Comitetul International al Marilor Baraje, un baraj este
considerat ,,mic” atunci cand inaltimea sa, masurata de la nivelul fundatiei la coa-
ma, nu depaseste 15 m, lungimea coamei este mai mica de 500 m si apa stocata
este mai mica de 1 milion de m3. Acesti parametri pot fi importanti datorita pro-
cedurilor administrative complicate adesea asociate cu construirea marilor baraje.

In intreaga lume, barajele sunt cele mai comune in parte datorita urmatoare-
lor caracteristici, pe care acestea le poseda:

» Pot fi adaptate la o gama larga de conditii de fundatie

» Constructia foloseste materiale naturale, care pot fi adesea gasite local,
limitand necesitatile de transport pe distante lungi

» Procesul de constructie poate fi continuu si extrem de mecanizat

» Proiectarea este extrem de flexibila in acceptarea diferitelor materiale de
umplere.

Dezavantajele barajelor sunt ca acestea sunt sensibile la deferlare si scurgeri,
si eroziunea in corpul barajului si in fundatia acestuia. Exista o rata a mortalitatii
mai mare printre intre barajele dig in comparatie cu barajele de beton.

Barajele de beton, pe de alta parte, au stavile care corespund parerilor pro
pentru barajele dig:

» Necesita anumite conditii referitoare la fundatii

» Necesita procesarea materialelor naturale pentru agregatele la locul ame-
najarii, transportarea marilor cantitati de ciment si au un proces de con-
strutie discontinuu si intens din punct de vedere al fortei de munca, condu-
cand la costuri unitare ridicate.

» Pe de alta parte barajele de beton au mai multe dezavantaje:

» Sunt adecvate pentru majoritatea intervalelor de topografie adica pentru
vai largi si inguste, cu conditia ca conditiile de fundatie sa fie corecte

» Ele nu sunt foarte sensibile la deferlare

» Canalul deversor poate fi plasat la coama, si daca este necesar pe intreaga
lungime a barajului

» Camerele sau galeriile pentru lucrarile de drenare, tuburile si lucrarile su-
plimentare pot fi usor adapostite in corpul barajului

» Centralele energetice pot fi plasate la piciorul aval de consolidare a barajului.

Dezvoltarea Barajului cu anrocamente si fatete betonate (CFRD) neutralizea-
za multe dintre barajele tip nucleu. In special, sensibilitatea la scurgere si eroziu-
nea sunt reduse, si dependinta de material bun de baza este eliminata.

Dezvoltarea barajelor din beton cilindrat (barajul RCC) introduce un proces
de construire foarte mecanizat, continuu si costuri unitare reduse. Noile baraje
mari sunt aproape intotdeauna modele CFRD si RCC.
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Baraje omogene: aceste baraje sunt folosite pentru terasamentele joase
(<4m) si adesea ca baraje secundare. Din motive de siguranta pentru baraj, un
anumit tip de drenaj este aproape intotdeauna prevazut.

Baraje dig de pamant: Acestea sunt folosite pentru inaltimi de baraj de la4 m
in sus. Constructiile sunt extrem de sensibile la proiectarea tehnologica la constru-
ire, si prin urmare, este vitala angajarea de consultanti specializati si contractorii
necesita supravegherea amenajarii de catre ingineri experimentati. Componentele
critice ale acestor baraje sunt nucleul, zonele de tranzitie (filtrele) care inconjoa-
ra nucleul si capacitatea de drenaj a piciorului aval de consolidare a barajului.

Barajele dig de pamant cu membrane: membranele pot fi de diferite tipuri
si pot fi situate fie in amonte de baraj fie vertical in centrul barajului. Membranele
pot fi construite din beton (ca la modelele CFRD), asfalt (tipul norvegian) sau in
forma unei geomembrane pe versantul amonte.

Baraje de greutate: Acestea sunt dependente de masa proprie pentru stabi-
litate. Sectiunea lor transversala este in principal triunghiulara pentru a asigura
stabilitatea adecvata si distributia tensiunilor de-a lungul fundatiei plane. Partea
superioara este, in mod normal, rectangulara pentru a asigura latimea crestei
adecvate pentru instalare si transportare.

Baraje cu contraforturi: Aceste baraje sunt compuse dintr-o fata continua
amonte care este sustinuta de contraforturi la intervaluri regulate. Fata amonte
este impartita, de obicei, in sectiuni verticale prin dilatarea imbinarilor, fiecare
sectiune fiind sustinuta de un contrafort. Sectiunile transversale sunt similare cu
cele ale barajelor de greutate.

Baraje arcuite: Aceste baraje functioneaza structural atunci cand arcurile
dispuse orizontal transfera presiunea apei pe partea amonte in contraforturi mai
degraba decat in fundatie. Barajele arcuite pot fi proiectate cu o raza constanta
deasupra inaltimii barajului, sau cu raze diferite (baraje cu cupola). Barajele arcu-
ite cu raza constanta au o sectiune transversala verticala si dreapta. Aceste baraje
vor fi supuse unor forte verticale de deformare considerabile deoarece deformarea
barajului tinde sa fie mai mare in centrul vertical al barajului. Acest fapt necesita
ca barajul sa fie puternic consolidat pentru a reduce craparea urmata de scurgeri.

IV.6.1.2. Canalul deversor

O cedare a barajului poate avea efecte grave in aval de baraj. Pe parcursul
duratei de viata vor fi experimentate conditii de curgere diferite si un baraj tre-
buie sa fie capabil sa faca fata viiturilor care pot depasi conditiile normale de. Din
acest motiv conducte de ocolire atent proiectate sunt incorporate in baraje sau
stavilare ca parte a structurii. Aceste conducte de ocolire sunt cunoscute cdrept
canale deversoare. Datorita vitezelor ridicate ale viiturilor o anumita forma de
disipare de energiei este prevazuta la baza canalului deversor.

Marea majoritate a amenajarilor hidro mici sunt cele pe fir de apa, unde elec-
tricitatea este generata de evacuari mai mari decat cele minim cerute pentru a
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opera turbina. In aceste amenajari o structura de diversiune scazuta este constru-
ita albia majora a cursului de apa pentru a devia debitul cerut in timp ce restul de
apa continua sa curga peste acesta. Aceasta structura este cunoscuta ca stavilar,
al carui rol este cresterea nivelului suprafetei apei astfel ca debitul de apa sa intre
in gura de admisie.

Stavilarele si canalele deversoare pot fi impartite in structuri fixe si mobile.
Structurile fixe mai mici sunt denumite stavilare, in timp ce structurile mai mari
sunt denumite canale deversoare. Canalele deversoare sunt adesea impartite in
canale deversoare cu porti si fara porti, care corespund structurilor fixe si mobile,
canalul deversor fara porti fiind de fapt un stavilar la o scara mai mare.

Structurile de stocare fixe, cum ar fi stavilarele si canalele deversoare fara
porti au avantajul securitatii, simplicitatii, intretinerii usoare si sunt eficiente din
punct de vedere al costului. Cu toate acestea, ele nu pot regla nivelul apei si deci
atat nivelul apei cat si productia de energie fluctueaza in functie de evacuare.

Structurile de stocare mobile cum ar fi canalele deversoare pot regla nivelul
apei astfel incat ramane mai mult sau mai putin constant in cele mai multe conditii
de curgere de intrare. In functie de configurarea portii si capacitatea de evacuare
acestea pot fi capabile sa reverse sedimentul acumulat din aval. Aceste structuri
sunt in general mai scumpe decat cele fixe, atat din punct de vedere al construirii
cat si al intretinerii, si functionarea lor este mai complicata.
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Stavilarele pot fi construite perpendiculare, unghiulare sau laterale fata de
axa raului. Cel mai adesea creasta stavilarului este rectilinie si perpendiculara pe
axa raului. Pentru niveluri relativ scazute ale apei in aval, stavilarul controleaza si
defineste relatia intre nivelul apei in amonte si deversare. Ca o functie a tipului de
stavilar, se obtin diferite tipuri de deversare

Stavilarul cu creasta ascutita este usor de construit si relativ eficient din
punct de vedere al costului. Deversarea sa este definita prin intermediul coefici-
entului Cd. Trebuie sa se acord o atentie speciala la forma fetei din aval a partii
superioare a stavilarului pentru a obtine o aerare suficienta intre panzele de apa
inferioare e (panza de apa care curge deasupra stavilarului) a jetului si structurii.
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In cazul in care panza de apa inferioara a jetului se lipeste de structura, vibratiile
pot fi transferate de la debit la structura.

Stavilarul cu prag lat este adesea aplicat pentru structurile temporare sau
pentru structuri de importanta secundara, cum ar fi cazul devierii temporare a
curentului. Proiectarea sa este simpla si eficienta din punct de vedere al costului.
Conditiile hidraulice sut departe de a f optime, exprimate printr-un coeficient de
deversare scazut si prezenta de sub presiunii de-a lungul crestei stavilarului si pe
partea din aval. Deversarea depinde de forma structurii.

Panourile de separare ridica nivelul apei usor in spatele stavilarulu pentru a
asigura o adancime adecvata a apei la gura de admisie, fara a periclita inundarea
terenului din amonte, panourile de separare pot fi instalate pe creasta stavilarului.
Panourile de separare sunt de obicei construite din lemn si sustinute de articulari
prin buloane inglobate in racorduri de otel (tevi taiate la dimensiune) in creasta
canalului deversor. Panourile de separare trebuie sa fie indepartate cu mana in
timpul inundatiilor asfel incat fluxurile de nivel ridicat sa nu inunde terenul din
amonte, o operatiune care in astfel de circumstante este dificila. Panourile de se-
parare articulate sunt oarecum mai usor de indepartat.
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Stavilarele expandabile o alta metoda, capabila de a fi actionata de la dis-
tanta este cea a stavilarului expandabil, care utilizeaza un balon de cauciuc armat
in loc de beton, otel si panouri de lemn.
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Acesta ofera o alternativa pentru mai multe metode conventionale de con-
struire a stavilarului, cu avantajele inerente de cost initial mic, functionare simpla
si intretinele minima. Intr-adevar stavilarele expandabile sunt porti flexibile in
forma unui balon de cauciuc armat umflat cu aer sau apa, ancorat pe o fundatie
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de beton (Figura 5.11) prin buloane de ancorare incastrate in fundatie. Ca orice
alta poarta, stavilarul expandabil necesita un mecanism prin care este deschisa si
inchisa. Stavilarul este ridicat cand este umplut cu apa sau aer sub presiune. Un
compresor de aer sau o pompa de apa sunt conectate printr-o conducta, la balonul
de cauciuc. Atunci cand balonul este umplut poarta se ridica; cand este desumflat
stavilarul este intins pe fundatie sa, in pozitie complet deschisa. Sistemul devine
economic atunci cand latimea stavilarului este mare in raport cu inaltimea.

Portile de siguranta- la instalatiile mari, dar uneori si la instalatiile mici, este
recomandabila plasarea portilor de siguranta, cum ar fi acelea furnizate de Hydro-
plus2. In cazul unei inundatii mari, atunci cand apa atinge un nivel pre-stabilit,
una sau mai multe dintre portile de siguranta (practic structuri cu balamale) se vor
inclina pentru a marii sectiunea canalului colector

Deversoare cu sifon - Alternativ, acolo unde spatiul disponibil pentru dever-
sor este limitat, poate fi folosit un deversor cu sifon sau un deversor put. Ambele
solutii ajuta la pastrarea nivelului apei in amonte in limite inguste. Un deversor cu
sifon este de fapt un canal curbat inchis (Figura 5.12). Cand nivelul apei se ridica
deasupra cotului sifonului, apa incepe sa curga in jos catre conducta ca in cazul
unui supraplin, dar numai in cazul in care continua sa creasca sifonul este amor-
sat si sporeste considerabil deversarea. De obicei, sifoanele sunt amorsate cand
nivelul apei atinge sau depaseste nivelul coroanei, dar exista proiectari in care
amorsarea are loc can nivelul in amonte se ridica la o treime din inaltimea gatului.

vacuum breaker

siphon crest

siphon spillway

figure 5.10 |

Deversor put (sau deversor palnie) - Deversoarele put sunt rareori folosite la
centralele hidro la scara mica. Dupa cum se ilustreaza in Figura 5.13, un deversor
put incorporeaza o pipa de intrare in forma de palnie pentru a spori lungimea cres-
tei, o tranzitie larga care se conformeaza formei panzei de apa ca in cazul de prea-
plin al deversorului desi uneori este construit in trepte pentru a asigura aerarea,
un put vertical si un tunel de iesire care uneori are o panta usor pozitva pentru a
asigura ca la celalalt capat nu este cinciodata plin. Rapoartele Biroului American
de Amelioare (USBR) 6 si 7 descriu principiile de proiectare ale acestor deversoare.

shaft spillway into a canal
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Stavilarul labirint - in anumite amenajari hidroelectrice mici (ex. amenajari
mici in canalul de irigare) nu este spatiu suficient pentru localizarea unui stavilar
conventional. In aceste cazuri, stavilare in forma de U sau labirint ajuta pentru a
obtine o deversare mai mare pe lungimea disponibila.

IV.6.1.3. Amenajarea pentru disiparea de energie

Deversarea din structurile fixe sau mobile mentionate anterior este de obicei
supercritica la evacuare. Vitezele mari de curgere si turbulentele pot cauza erozi-
une la baza structurii, in special daca albia raului nu este rezistenta la eroziune,
ca de exemplu in cazul nisipului, argilei, nisipului necimentat, pietrisului sau chiar
roca fractionata.

Pentru a evite astfel de daune, pot fi aplicate mai multe solutii de structura,
unele dintre acestea fiind foarte costisitoare. Solutiile cele mai des folosite sunt:

» Bazin de linistire

» Cadere cu paravane deflectoare
» Bazin cu imersiune

» Cadere in cascade

Cele mai multe dintre aceste structuri disipa energia debitului prin formarea
unui salt hidraulic, care imprastie o mare parte din energie pe o distanta relativ
mica. Proiectarea si construirea structurilor de disipare este destul de complexa si
vasta si cititorul este incurajat sa contacteze ingineri specializati. Mai multe infor-
matii detaliate pot fi gasite in Vischer& Hager (1995).

La barajele de tip RCC- caderea de apa in trepte in aval s-a dovedit ectuva in re-
ducerea vitezelor debitului si reducerea dimensiunilor bazinelor de linistire ulterioara.

IV.6.2. Stavilarele

Transportarea apei de la gura de admisie la centrala energetica (acesta este
scopul stavilarului) poate aparea ca o sarcina usoara. Cu toate acestea, amena-
jarea cea mai economica a stavilarului nu este simpla. Stavilarele pot fi instalate
peste sau sub pamant, in functie de factori cum ar fi natura solului insusi, materi-
alul stavilarului, temperaturile mediului si cerintele de mediu.

support
block

De exemplu, un stavilar din PVC cu diametru mic si flexibil, poate fi instalat pe
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sol, urmand linia nisipului si pietrisului care inconjoara conducta pentru a garanta
o buna izolare. Conductele mici instalate in acest mod nu au nevoie de blocuri de
ancorare si conexiuni de extindere.

Stavilarele mai mari sunt de obicei ingropate atata timp cat exista doar un
minim de excavare in roca. Stavilarele ingropate trebuie sa fie vopsite cu atentie si
invelite pentru a proteja exteriorul impotriva coroziunii, asigurarea ca stratul pro-
tector nu este deteriorat la instalare, intretinerea viitoare este minima. Din punct
de vedere al mediului solutia este optima deoarece solul se poate intoarce la con-
ditia sa originala, si stavilarul nu constituie un obstacol in cursul vietii salbatice.

Un stavilar instalat deasupra pamantului poate fi proiectat cu sau fara cone-
xiuni de extindere. Variatiile de temperatura sunt importante in special daca tur-
bina nu functioneaza continuu, sau cand stavilarul este construit in linii drepte sau
aproape drepte, cu blocuri de ancorare din beton la fiecare cotitura si cu o cone-
xiune de extindere la fiecare set de ancore (Figura 5.31). Blocurile ancorei trebuie
sa reziste impingerii stvilarului plus fortele de frictiune cauzate de extinderea si
contractarea sa, asa ca atunci cand este posibil ele trebuie plasate pe stanca.

In cazul in care, datorita naturii solului, blocurile ancorei necesita volume
mari de beton, atunci devin destul de costisitoare, o solutie alternativa este elimi-
narea fiecarui al doilea bloc si a tuturor conexiunilor de extindere, lasand coturile
sa se miste liber. In acest caz este de dorit sa se prevada sectiunile drepte ale sta-
vilarului in sei de otel, facute sa se potriveasca conturului conductei si in general
sa acopere 120 de grade ale radierului. Seile pot fi facute din tabla de otel, cu
impachetare de foaie de asbest grafit plasate intre sa si conducta pentru a reduce
fortele de frictiune. Miscarea poate fi ajustata cu conexiuni de extindere, sau prin
proiectarea conductei cu coturi libere sa se miste.

Daca se alege un sistem de conducte cu imbinare cu cep si mufa cu garnituri
inelare O, atunci expansiunea si contractia sunt ajustate din articulatii.

Astazi exista 0 gama larga de materiale pentru stavilare. Pentru caderi si dia-
metre mai mari, cea mai buna optiune este probabil otelul sudat fabricat. Cu toate
acestea sunt luate in considerare conductele de otel sudate in forma de spirala
datorita pretului mai mic, daca sunt valabile la dimensiunile necesare. Pentru ca-
deri inalte, conductele din fier flexibil sau otel sunt preferate, dar pentru caderile
medii si mici otelul devine mai putin competitiv, pentru ca staturilor de protectie
anticoroziva interrne si externe nu scad cu grosimea peretelui si pentru ca exista
o grosime a peretului minim pentru conducta.

Pentru diametre mai mici, exista o optiune intre: conducta de otel fabrica-
ta, furnizata cu imbinare cu cep si mufa si garniturile-O din cauciuc, care elimina
sudarea pe teren, sau cu borduri sudate, asamblate prin buloane pe teren (Figura
5.33); sau beton precomprimat; conducte cu cep si mufa din fier flexibil cu garnituri;
comnt-azbest; material plastic armat cu fibre de sticla (GRP); si conducta din PVC,
polietilen (PE) sau plastic. Conducta de plastic PE14 este o solutie foarte atractiva
pentru caderile medii (o conducta din PVC de 0.4 m diametru poate fi folosita pana
la o cadere de 200 m) deoarece este adesea mai ieftina, mai usoara si mult mai usor
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de manevrat decat otelul si nu necesita protectie impotriva coroziunii. Conductele
PVC15 sunt usor de instalat datorita imbinarilor cu cep si mufa prevazute cu garni-
turi inelare “O”. Conductele din PVC sunt instalate de obicei sub pamant cu o aco-
perire de un metru. Datorita rezistentei scazute la radiatii UV ele nu pot fi folosite la
suprafata decat daca sunt vopsite, acoperite sai invelite. Raza minima de acoperire
a conductei din PVC este relativ mare (de 100 de ori diametrul conductei).- si coefi-
cientul sau de expansiune termica este de cinci ori mai mare decat pentru otel. Ele
sunt destul de fragile si necorepunzatoare pentru solul pietros.

Conductele PE16 .- (polietilena cu inalta greutate moleculara) pot fi instalate
deasupra solului si pot cuprinde coturi de la 20 pana la 40 de ori diametru conduc-
tei (pentru coturi mai ascutite sunt necesare fitinguri special fabricate). Conducta
PE pluteste pe apa si poate fi trasa cu cablu pe sectiuni lungi dar trebuie sa fie
imbinata pe teren prin sudura prin fuziune, care necesita un utilaj special. Con-
ducta PE poate rezista la inghetarea liniei de conducte fara sa se deterioreze, este
posibil sa nu fie disponibila in marimi peste 300 mm diametru.

Stavilarele din beton, atat precomprimat cat si cu mare rezistenta la tractiu-
ne sau otel armat, cu armatura interioara pentru a preveni scurgerile si dotate cu
imbinari cu cep si mufa prevazute cu garnituri de cauciuc constituie o alta solutie.
Din pacate greutatea lor face ca transportul si manevrarea sa fie costisitoare, dar
acestea nu sunt afectate de coroziune.

In tarile in curs de dezvoltare, conducta de presiune din lemn creozotat, cu
sipci din banda de otel este o alternativa care poate fi folosita in diametre de pana
la 5.5 m si caderi de pana la 50 metres (care pot fi crescute pana la 120 m pentru
un diametru de 1.5 m). Avantajele includ flexibilitatea de a se conforma solului,
usurinta de a fi montate pe sol fara nicio pregatire de grad, fara nevoia de fitin-
guri de expansiune fara necesitatea suporturilor din beton sau protectie impotriva
coroziunii. Conducta din lemn corozat este asamblata cu sipci si benzi de otel sau
cercuri care permit sa fie transportate mai usor chiar si pe teren accidentat. Deza-
vantajele includ scurgerile, in special in operatiunile de umplere, necesitatea de a
mentine conducta plina de apa atunci cand se repara turbina, si intretinerea consi-
derabila cum ar fi pulverizarea de acoperire cu gudron la fiecare cinci ani. Tabelul
5.3 prezinta principalele proprietati ale materialului de mai sus. Cateva dintre
aceste proprietati nu sunt tipice, in special coeficientul valorilor Hazen Williams
care depinde de conditia suprafetei conductei.

Material Modulul de elasticita- Coeficientul de Rezistenta de rupe- n
te al lui Young expansiune liniara re la tractiune
E(N/m?)E9 (m/m °C)E6 (N/m2)E6

Otel sudat 206 12 400 0.012
Polietilen 0.55 140 5 0.009
Clorura de

polivinil (PVC) 2.75 54 13 0.009
Azbociment n/a 8.1 n/a 0.011
Fonta 78.5 10 140 0.014
Fier flexibil 16.7 11 340 0.013
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IV.7. Echipament electromecanic

IV.7.1. Centrala energetica

La o amenajare hidroelectrica mica rolul centralei electrice este sa prote-
zeje echipamentul care transforma energia potentiala a apei in electricitate, de
intemperiile vremii. Numarul, tipul si energia turbo-generatoarelor, configurarea
acestora, caderea amenajarii si geomorfologia amplasamentului determina forma
si dimensiunea cladirii.

Asa cum se prezinta in figurile de mai jos, urmatorul echipament va fi expus
la centrala electrica:

» Palnie de turnare sau valva

» Turbina

» Multiplicator de viteza (daca este necesar)
» Generator

» Sistem de control

» Condensator, instalatie de distributie

» Sisteme de protectie

» Alimentare de urgenta DC

» Transformatoare de curent si retea

» etc.

Figura de mai jos este o vedere schematica a unei centrale energetice interi-
oara cu intrare integrata adevcata pentru amenajarile cu cadere mica. Fundatia
este parte a stavilarului si reprezinta puterea de intrare si gratarul de retinere,
turbina Kaplan cu axa verticala cuplata la generator, conducta de admisie si cana-
lul de evacuare. Echipamentul de control si transfromatorii de evacuare sunt loca-
lizate in avancamera generatorului.

Pentru a diminua impactul asupra mediului centrala energetica poate fi in
totalitate scufundata. In acest fel nivelul de sunet este redus in mod sensibil si
impactul vizual este nul.
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In amenajarile cu cadere mica si medie, centralele energetice sunt mai
conventionale (a se vedea figura de mai sus) cu o intrare pentru stavilar si un
canal de evacuare. Desi nu este un lucru comun, acest tip de centrala energe-
tica poate fi sub pamant.

Centrala energetica poate fi la baza unui baraj existent, unde apa soseste
printr-un turn existent de captare sau evacuare aflat pe fund. Figura 1.4 in capi-
tolul 1 ilustreaza o asemenea configuratie.

Dupa cum vom vedea in capitolul 6.1.1.2, anumite configuratii de turbine per-
mit pentru intreaga infrastructura, sa se dispenseze, sau sa reduca ingloband numai
echipamentul de control si distributie. Integrand turbina si generatorul intr-o singura
unitate hidroizolanta care poate fi instalata direct pe deschidere inseamna ca nu
este necesara o centrala energetica conventionala (unitati de rezervor si sifon).

IV.7.2. Turbine hidraulice

Scopul unei turbine hidraulice este transformarea energia potentiala a apei
in energie rotationala mecanica. Desi acest acest manual nu defineste orientarile
pentru proiectarea turbinelor (un rol rezervat fabricantilor de turbine) este nece-
sar sa se prevada cateva criterii in ghidarea alegerii turbinei adevcata pentru o
anumita aplicatie si chair sa se furnizeze formule corespunzatoare in determina-
rea dimensiunilor sale principale. Aceste criterii si formule se bazeaza pe lucra-
rile efectuate de Siervo si Lugaresi, Siervo si Leva, Lugaresi si Massa, Austerre si
Verdehan, Giraud si Beslin, Belhaj, Gordon, Schweiger si Gregorand si altele, care
prevad o serie de formule prin analizarea caracteristicilor turbinelor instalate.
Este necesar sa subliniem ca nicio recomandare nu este comparabila cu cea a fa-
bricantului, si orice dezvoltator trebuie sa se adreseze fabricantului de la incepu-
tul dezvoltarii proiectului.

IV.7.2.1. Tipuri de configurare

Energia potentiala din apa este transformata in energie mecanica in turbina,
de catre unul sau doua mecanisme fundamentale diferite:
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» Presiunea apei poate aplica o forta pe suprafata paletei de rotor, care sca-
de in timp ce trece prin turbina. Turbinele care opereaza in acest mod sunt
numite turbine cu reactie. Carcasa turbinei, cu rotorul complet scufundat
in apa, trebuie sa fie suficient de puternica sa reziste la presiunea de ope-
rare. Turbinele Francis si Kaplan turbines apartin acestei categorii.

» Presiunea apei este transformata in energie cinetica inainte de a intra in
rotor. Energia cinetica este sub forma unui jet de mare viteza care loveste
cupele, montate la periferia rotorului. Turbinele care opereaza in acest
mod sunt denumite turbine cu impuls. Cea mai uzuala turbina cu impuls
este Pelton

IV.7.2.2. Turbine cu impuls

A. Turbinele Pelton

Turbinele Pelton sunt turbine cu impuls la care unul sau mai multe jeturi iz-
beste o roata care are la periferie un mare numar de cupe. Fiecare jet eliberea-
za apa printr-un injector care are o vana aciculara pentru a controla curgeriile
(figura 6.4). Sunt folosite numai pentru caderi mari de la 60 m pana la mai mari
de 1 000 m. Axele injectoarelor sunt in planul rotorului. In cazului unei opriri de
urgenta (ex. in cazul respingerii sarcinii), jetul poate fi deviat printr-un deflector
astfel incat sa nu izbeasca cupele si rotorul sa nu poata atinge viteza de fuga. In
acest mod vana aciculara poate fi inchisa foarte lent, astfel incat suprapresiunea
creata in reteaua de conducte sa fie mentinuta la un nivel acceptabil (max 1.15
presiune statica).
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Ca orice energie cinetica care paraseste rotorul este pierdura, toate cupele
sunt proiectate sa mentina vitezele de iesire la minim.

Turbinele Pelton cu unul sau doua jeturi pot avea axe orizontale si verticale.
Numarul maxim de injectoare este 6 (neobisnuit in hidrocentralele mici).

Rotorul turbinei este cuplat, de obicei, direct la putul generatorului si va fi
peste nivelul din aval.

Eficienta unei turbine Pelton este buna de la 30% la 100% din debitul maxim
pentru turbina cu un jet si de la 10% la 100% pentru una multijet.

B. Turbinele Turgo

Turbina Turgo poate functiona sub o cadere care variaza de la 50-250 m. Ca si
turbina Pelton, este o turbina cu impuls, desi cupele sale au forme diferite si jetul
apei loveste planul rotorului la ununghi de 20°. Apa intra in rotor printr-o parte a
discului rotorului si iese prin celalalt. Poate functiona intre 20% si 100% din debitul
maxim proiectat.

Eficienta este mai mica ca la turbinele Pelton si Francis. In comparatie cu
Pelton, turbina Turgo are o viteza rotationala mai mare pentru aceeasi cadere si
debit. Turbina Turgo poate fi o alternativa la turbina Francis atunci cand debitul
difera puternic sau in cazul stavilarelor lungi, in timp ce deflectorul permite evita-
rea vitezei de fuga in cazul respingerii incarcaturii si rezultand lovitura de berbec
care apare numai la turbina Francis.

C. Turbinele Cross-flow

Aceasta turbina cu impuls, denumita si Banki-Michell este folosita pentru o
gama variata de caderi care le depasesc pe cele ale turbinelor Kaplan, Francis si
Pelton. Poate opera cu caderi intre 5 si 200 m.

Apa intra in turbina, direct prin una sau mai multe pale localizate in amonte
de rotor si il traverseaza in doi timpi inainte de a parasi turbina. Acest design sim-
plu este ieftin si usor de reparat in cazul in care rotorul se rupe datorita presiunilor
mecanice. Turbinele Cross-flow au o eficienta scazuta in comparatie cu alte turbine
si trebuie luata in considerare pierderea importanta de cadere datorita distantei
dintre rotor si nivelul din amonte atunci cand este vorba de caderi medii sau mici.
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Mai mult, caderile mari ale rotoarelor cross-flow pot avea anumite probleme cu
fiabilitatea datorita presiunii mecanice mari. Este o alternativa interesanta atunci
cand exista suficienta apa, nevoi definite de energie si posibilitati de investitie
scazute, cum ar fi programele de electrificare rurala.

F—

runner e

distributar

blades

water flaw

IV.7.2.3. Turbinele cu reactie

A. Turbinele Francis

Turbinele Francis sunt turbine cu reactie, cu pale pe rotor fixe si palete cu-
lisante de ghidare reglabile, folosite pentru caderi medii. In aceasta turbina este
intotdeauna radiala dar evacuarea este axiala. Fotografia 6.3 prezinta o turbina
Francis cu axa orizontala. Aplicarea acestora pe teren este pentru caderi de la 25
la 350 m. Ca si in cazul turbinelor Peltons, turbinele pot avea axe verticale si ori-
zontale, aceasta configuratie fiind comuna pentru hidrocentralele mici.

Turbinele Francis pot fi fixate pe un canal deschis sau atasate la un stavilar. Au
fost folosite pentru caderi mici si canale deschise, in zilele noastre turbina Kaplan
asigura o solutie economica si tehnica mai buna in aceste centrale energetice.

Apa intra in turbina prin carcasa spirala care este proiectata sa pastreze vi-
teza tangentiala constanta de-a lungul sectiunilor consecutive si sa o distribuie
catre periferie catre distribuitor. Dupa cum se prezinta in figura 6.9, aceasta are o
paleta culisanta de ghidare mobila, a carei functie este sa controleze debitul care
intra in turbina si sa adapteze unghiul de intrare al curentului in unghiurile pale-
lor rotorului. Ele se rotesc in jurul axelor lor prin mire de legatura atasate pe un
inel mare care sincronizeaza miscarea palelor. Ele pot fi folosite pentru a inchide
curgerea catre turbine in cazul situatiilor de urgenta, desi folosirea lor nu exclude
instalarea unui robinet fluture la intrarea in turbina. Rotorul transforma energia
hidraulica in energie mecanica si o intoarce axial catre tubul de admisie.

Rotoarele hidro mici sunt fabricate de obicei din piese turnate din otel inoxi-
dabil. Unii fabricanti folosesc cofrare in aluminiu bronz sau pale sudate care sunt
cuplate, in general, la axul generatorului.

Tubul de admisie al turbinei cu reactie urmareste recuperarea energiei cine-
tice care inca ramane in apa care paraseste rotorul. Datorita faptului ca aceasta
energie este proportionala cu patratul vitezei, unul dintre obiectivele tubului de
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admisie este sa reduca viteza de evacuare din turbina. Un tub de admisie eficient
ar avea o sectiune conica, dar unghiul nu poate fi prea mare, altfel ar avea loc se-
pararea debitului. Unghiul optim este de 7° dar pentru a reduce lungimea tubului
de admisie, si prin urmare costul, uneori unghiurile sunt cresute pana la 15°.

Cu cat caderea este mai mica cu atat este mai important tubul de admisie.
Deoarece caderile mici implica intotdeauna o evacuare nominala mare, viteza apei
care ramane in gura de iesire a rotorului este foarte importanta. Se poate intelege
foarte usor ca pentru diametrul unui rotor fix, viteza va creste daca debitul creste.

B. Turbinele si elicele Kaplan

Turbinele si elicele Kaplan sunt turbine axiale cu reactie; in general folosite
pentru caderi de la 2 ls 40 m. Turbina Kaplan are palele rotorului reglabile si pot
avea sau nu palete culisabile de ghidare. Daca ambele pale si paletele culisabile
de ghidare sunt reglabile este descrisa ca ,,dublu reglata”. Daca palele culisabile
de ghidare sunt fixe atunci este ,,unic regulata”. Turbinele kaplan cu pale de rotor
fixe se numesc turbine hidraulice elicoidale. Ele sunt folosite atat pentru debit si
cadere constanta, ceea ce este o caracteristica care le face neobisnuite in amena-
jari hidroenergetice mici.

Dubla reglare permite, oricand, adaptarea cuplarii rotorului si a palelor cu-
lisante de ghidare culisabile la orice cadere sau variatie de curgere. Turbina este
cea mai flexibila si permite o buna adaptare la fluxul disponibil variabil dar este
mai putin flexibila in cazul unei variatii importante de cadere. Ele pot functiona
intre 30% si 100% din curgerea maxim proiectata.

Turbina dublu reglata Kaplan este un utilaj vertical axial cu o carcasa spirala
si o configurare de pale culisabile de ghidare radiala. Curentul intra in mod radial
si face o intoarcere in unghi drept inainte de a intra in rotor intr-o directia axiala.
Sistemul de control este proiectat astfel incat variatia unghiului palei este cuplata
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la palele culisante de ghidare fixate pentru a obtine cea mai buna eficienta intr-o
gama variata de debite si caderi. Palele se pot invarti cu turbina in functionare,
prin conexiuni la axul vertical care aluneca in interiorul cavitatii turbinei axiale.

Unitatile tubulare sunt derivate de la turbinele Kaplan, cu generatorul care
continut intr-un bulb hidroizolat scufundat in curent. Figura 6.13 ilustreaza o tur-
bina la care generatorul (si transmisia, daca este necesar), racit prin aer presuri-
zat, este depozitat in bulb. Numai cablurile electrice, protejate corespunzator, ies
din bulb.

Turbinele Kaplan sunt cu siguranta utilajele care permit cel mai mare numar
de configuratii. Selectia este critica, in special, in cazul amenajarilor cu cadere
mica unde, pentru a fi profitabile, trebuie manevrate debite mari. Atunci cand se
studiaza amenajari cu cadere intre 2 si 5 m, la un curent intre 10 si 100 m3/sec,
sunt necesare rotoarele cu 1.6 - 3.2 m, cuplate printr-un multiplicator de viteza
la un generator. Conductele hidraulice in general si in special prizele de apa sunt
mari si necesita lucrari civile elaborate la un cost care depaseste costul echipa-
mentul electromecanic.

Pentru a reduce costul general (lucrari civile plus echipament) si mai precis
costul lucrarilor civile, mai multe configuratii concepute in ziua de azi sunt consi-
derate clasice.

Configuratie Flux .Siste-m de Multiplicator de viteza
inchidere

Verticala Kaplan Radial | Clapeta glisanta | Paralela

Sifon vertical semi-Kaplan Radial | Sifon Paralela

Sifon invers semi-Kaplan Radial | Sifon Paralela

Sifon inclinat semi-Kaplan Axial Sifon Paralela

Kaplan S Axial Clapeta glisanta | Paralela

Unghi inclinat drept Kaplan Axial Clapeta glisanta | Conica

Kaplan in eroziune Axial Clapeta glisanta | Paralela

Sifoanele sunt fiabile, economice si previn viteza de fuga a turbinei, cu toate
acestea ele sunt zgomotoase daca nu sunt luate masuri de protectie pentru a izola
pompa de aspiratie si valvele in timpul operatiunilor de oprire pornire. Chiar daca
nu este ceruta pentru functionarea normala, este puternic recomandata evitarea
pornirii neintentionata a turbinei datorita unei variatii puternice a nivelelor in
amonte si in aval. In cazul unei astfel de problema, turbina va atinge viteze mari
si operatorul nu va avea mijloacele pentru a o opri. O solutie la aceasta problema
este folosirea portii segment a barajelor.

Centralele energetice subterane sunt cele mai bune pentru reducerea im-
pactului sonic si vizual, dar viabile numai cu un S, o unitate de unghi drept sau o
configurare a cavitatii.

Multiplicatorul de viteza permite utilizarea unui generator standard de obi-
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cei la 750 sau 1 000 rpm, care este fiabil, compact si ieftin. Configurarea S devine
foarte populara, cu toate acestea un dezavantaj este acela ca axa turbinei trebuie
sa traverseze fie intrarea sau conducta de evacuare cu consecinte de pierdere de
cadere. Este utilizata in special pentru caderi medii si/sau amenajari hidroener-
getice cu stavilar.

A

‘ertical Kaplan or semi-Kaplam

inclined semi-Kaplan siphon

Cross section of a vertical Kaplan Cross section of 2 Kaplan siphon

power plant power plant

3520

semi-Kaplan in inverted syphon

Cross section of a Kaplan imverse ’ Cross section of an inclined
siphon power plant Kaplan power plant

e
ga's
)
Right angle drive
inclined semi-Kaplan
4504
Cross section of a § Kaplan power Cross section of an inclined right
plant angle Kaplan power plant

Configurarea cavitatii are avantajul unui acces usor la toate componentele
echipamentului, in special cuplarea turbinei si a mutiplicatorului de viteza, multi-
plicatorul de viteza insusi si generatorul, ceea ce faciliteaza inspectia intretinerea
si repararea. Aceasta configurare este populara pentru caderi mici si deversari
mari care permit rotorului un diametru mai mare de 2 m.

Pentru aceleasi motive ca si la turbinele Francis, turbinele Kaplans trebuie sa
aiba un tub de admisie. Datorita caderilor mici, energia cinetica este foarte impor-
tanta si calitatea acestei parti a turbinei nu trebuie neglijata.
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IV.7.3. Generatoarele

Generatoarele transforma energia mecanica in energie electrica. Desi majo-
ritatea sistemelor electrice timpurii au fost varietatea directa de curent care sa se
potriveasca sistemelor electrice comeriale timpurii, in zilele noastre numai gene-
ratoarele de curent alternativ trifazic sunt folosite in practica normala. In functie
de caracteristicile retelei furnizate, producatorul poate alege intre:

» Generatoare sincrone: acestea sunt echipate cu un sistem permanent de
excitare magnet sau cu DC electric (rotativ sau static) asociat cu un regula-
tor de tensiune pentru a controla tensiunea de iesire inainte ca generatorul
sa fie conectat la retea. Ele furnizeaza energia reactiva ceruta de sistemul
energetic atunci cand generatorul este conectat la retea. Generatoarele
sincrone pot functiona izolat de retea si pot produce energie deoarece ex-
citarea nu este dependenta de retea

» Generatoarele asincrone: acestea sunt simple motoare asincrone infasura-
te in scurtcircuit fara posibilutatea de reglare a tensiunii si functionarea la
o viteza direct relationata cu frecventa sistemului. Ele isi atrag curentul de
excitatie de la retea, absorbind energia reactiva prin propriul magnetism.
Adaugarea unei baterii de condensatoare poate compensa pentru energia
reactiva absorbita. Ele nu pot genera atunci cand sunt deconectare de la
retea deoarece sunt incapabile sa isi furnizeze propriul curent de excitare.
Cu toate acestea, ele sunt folosite in aplicatii independente ca o solutie ief-
tina atunci cand cantitatea necesara de electricitate nu este foarte mare.

Sub 1 MW, generatoarele sincrone sunt mult mai scumpe decat cele asincrone
si sunt folosite in sisteme de energie in care capacitatea generatorului reprezinta o
proportie substantiala a incarcaturii sistemului de energie. Generatoarele asincrone
sunt mai ieftine si sunt folosite in retele stabile unde capacitatea lor este o proportie
nesemnificativa a incarcaturii sistemului de energie. Eficienta ar trebui sa fie de 95
% pentru un utilaj de 100 kW si poate creste la 0 97% spre o cantitate de energie
de 1MW. Eficacitatile generatoarelor sincrone sunt usor mai mari. In general, atunci
cand energia depaseste anumite MVA este instalat un generator sincron.

Recent, sisteme cu viteza variabila si frecventa constanta (VSG), in care vi-
teza turbinei este permisa sa fluctueze, in timp ce tensiunea si frecventa sunt
mentinute constante si nedistorsionate, au devenit disponibile. Convertorul de
frecventa, care este folosit pentru a conecta generatorul printr-o conexiune DC
la retea se poate chiar ,sincroniza” cu reteaua inainte ca generatorul sa inceapa
sa se roteasca. Acesta abordare este adesea propusa ca masura de imbunatatire
a performantelor si reducerea costului. Cu toate acestea nu se poate fi realizata
nicio reducere de cost prin folosirea turbinelor hidraulice elicoidale, daca regula-
torul rotorului este numai inlocuit. Este posibil, de asemenea, imbunatatirea pro-
cuctiei in comparatie cu turbina Kaplan cu dubla reglare. Exista totusi o serie de
cazuri in care viteza variabila a operarii este o solutie adecvata, ex. atunci cand
caderile variaza semnificativ.
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Tensiunea de operare a generatorului creste cu energia. Tensiunile standard
de 400 V sau 690 V permit utilizarea transformatoarelor de distribuire standard ca
transformatoare de iesire si utilizarea curentului generat pentru a alimenta sistemul
de energie al centralei. Generatoarele de cativa MVA sunt proiectate, de obicei pen-
tru tensiuni mai mari de operare pana la cativa kV si conectate la retea folosind un
transformator personalizat. In acest caz este necesar un transformator independent
HT/LT pentru furnizarea de energie auxiliara pentru energia centralei.

IV.7.4. Controlul turbinei

Turbinele sunt proiectate pentru o anumita cadere si evacuare neta. Orice
deviere de la acesti parametri trebuie compensata prin deschiderea sau inchiderea
dispozitivelor de control cum ar fi portile vana, vanele, pentru a mentine fie ener-
gia de iesire, nivelul suprafetei apei la gura de admisie, sau evacuarea constanta
a turbinei. In amenajarile conectate la o retea izolata, parametrul care trebuie
controlat este cel al vitezei turbinei, care controleaza frecventa.

Intr-un sistem in afara retelei, daca generatorul este suprasolicitat turbina
incetineste si prin urmare este necesar un flux de apa pentru a se asigura ca tur-
bina nu se blocheaza. In cazul in care nu exista suficienta apa pentru acest lucru
fie o parte din incarcatura trebuie eliminata sau turbina va trebuie sa se inchida.
In schimb daca incarcatura scade atunci fluxul turbinei este scazut sau poate fi
mentinut constant si extra-energia este varsata intr-o sarcina electrica constanta
conectata la terminalele generatorului.

In prima abordare, reglarea vitezei (frecventei) este normal indeplinita prin
controlul fluxului; de indata ce o deschidere a portii este calculata, actuatorul ofe-
ra instruirea necesara catre servomotor, care duce la o prelungire sau retragere a
tijei. Pentru a se asigura ca tija atinge pozitia calculata, se prevede autocontrolul
actuatorului electroni. Aceste dispozitive sunt numite ,,regulatoare de viteza”.

In a doua abordare se presupune ca, la incarcatura maxima, flux si cadere
constanta, va functional la viteza proiectata, astfel mentinand intreaga incarca-
tura de la generator; acesta va functiona la viteza constanta. Daca incarcatura
scade turbina va tinde sa isi creasca viteza. Un senzor electronic, care masoara
frecventa, detecteaza devierea si un guvernator de sarcina electric ieftin si fiabil,
comuta pe rezistenta pre-setata si mentine astfel precizia frecventei sistemului.

Regulatoarele care urmeaza prima abordare nu au limita de energie. Regula-
toarele Electrice de Sarcina, care functioneaza in conformitate cu a doua abordare
rareori depasesc capacitatea de 100 kW.

IV.7.4.1. Regulatoare de viteza

Un regulator este o combinatie de dispozitive si mecanisme, care detecteaza
devierea vitezei si o transforma intr-o schimbare in pozitia servomotorului. Un ele-
ment de sesizare a vitezei detecteaza devierea de la punctul stabilit; acest semnal
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de deviere este transformat si amplificat pentru a excita dispozitivul de actiona-
re, hidraulic sau electric, care controleaza debitul de apa in turbina. La turbina
Francis, unde exista o reducere in debitul apei trebuie rotite portile vana. Pentru
asta, este necesar un regulator de energie pentru a depasi fortele hidraulice si
frictionale si pentru a mentine portile vana intr-o pozitie partial inchisa sau sa le
inchida complet.

Mai multe tipuri de regulatori sunt disponibile variind de la cele de moda ve-
che pur mecanici la cei mecanici-hidraulici la electrici-hidraulici si mecanici-elec-
trici. Regulatorul pur mecanic este folosit la turbine destul de mici, deoarece valva
de control a acestuia este usor de folosit si nu necesita un efort mare. Regulatorii
folosesc mecanism de masa centrifug actionat de axul turbinei. lesirea de la acest
dispozitiv- axa centrifuga scade sau creste in conformitate cu viteza turbinei- ac-
tioneaza direct valva localizata la intrarea in turbina.

IV.7.5. Echipament de aparataj electric de conexiuni

In multe tari reglementarile furnizarii cu electricitate creaza o obligatie le-
gala asupra utilitatilor electrice pentru a mentine siguranta si calitatea furnizarii
cu electricitate in limitele definite. Producatorul independent trebuie sa opereze
centrala sa in asa fel incat utilitatea sa fie capabila sa isi indeplineasca obligatiile.
Prin urmare diferite dispozitive electrice asociate sunt necesare in interiorul cen-
tralei energetice pentru siguranta si protectia echipamentului.

Aparatajul trebuie instalat pentru a controla generatoarele si pentru a le
integra in retea sau in incarcatura izolata. Trebuie sa furnizeze protectie pentru
generatoare, transformatorul principal si transformatorul pentru servicii interne.
Intrerupatorul generatorului este folosit pentru a conecta si deconecta generato-
rul de la reteaua de energie. Atat transformatoarele de forta (PT) cat si trans-
formatoarele cu curent (CT) sunt folosite pentru a transforma tensiuni inalte si
curenti la niveluri mai manevrabile pentru masurare. Echipamentul de controlul al
generatorului este folosit pentru a controla tensiunea generatorului, factorul de
energie si intrerupatoarele.

Protectia generatoarelor asincrone trebuie sa includa, printre alte dispoziti-
ve: releu curent de intoarcere care sa ofere protectie impotriva puterii excesive;
relee de curent diferential impotriva greselilor interne la bobina generatorului
statornic; releu de curent de fuga care sa asigure sistemul de recuperare ca si
protectia generatorului curent de fuga, etc. Protectia generatorului de energie
include relee de supra-curent instantanee si un releu de supra-curent sincronicat
pentru a proteja transformatorul principal atunci cand se detecteaza o defectiune
la sistem sau apare o defectiune interna la transformatorul de energie principal.

Producatorul independent este responsabil pentru lucrarile de impamantare
la instalatia sa. acestea trebuie proiectate in acord cu utilitatile publice. Lucra-
rea de impamantare va fi dependenta de un numar de unitati in uz si de modul de
functionare si operare a sistemului producatorului.
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Echipamentul de masurare trebuie instalat la punctul de furnizare pentru a inre-
gistra masuratorile in conformitate cu cerintele de furnizare a energiei electrice.

In partea cu tensiune inalta exista un intrerupator si un comutator de linie
discontinuu - combinat cu un comutator cu legare la pamant - pentru a deconecta
unitatea de generare si transformatorul principal de la linia de transmisie. Masu-
ratorile sunt realizate prin P.T si C.T. coresunzator. Un intrerupator de generator
este inclus ca o extra protectie pentru unitatea de generare. Un transformator
asigura energia pentru operarea portilor gurii de admisie, a valvelor de inchidere,
servomotoarelor, compresoarelor cu ulei etc. in serviciul centralei.

Este de asteptat o complexitate mai mare in statiile multiuz unde flexibilita-
tea si continuitatea serviciilor sunt importante.

IV.7.6. Control automat

Amenajarile hidro mici sunt in mod normal nesupravegheate si operate prin-
tr-un sistem de control automat. Deoarece nu toate centralele energetice sunt la
fel, este aproape imposibil sa se determine extinderea automatizarii care trebuie
inclusa intr-un sistem dat, dar anumite cerinte au o aplicare generala:

Sistemul trebuie sa includa releele si dispozitivele necesare pentru detecta-
rea disfunctionalitatii de natura serioasa si dupa aceea sa actioneze prin aducerea
unitatii sau a intregii centrale la o conditie de de-energizare sigura

Date operationale relevante despre centrala trebuie colectate facute disponi-
bile imediat pentru luarea de decizii de operare si stocare in baza de date pentru
evaluarea viitoare a performantei centralei

Un sisten de control inteligent trebuie inclus pentru a permite operarea inte-
grala a centralei intr-un mediu nesupravegheat

Trebuie sa fie posibil sa se acceseze sistemul de control de la o locatie inde-
partata si sa se supraregleze orice decizii automate

Sistemul trebuie sa fie capabil sa comunice catre unitati similare, in amonte
si in aval, in scopul optimizarii procedurilor de operare

Anticiparea defectiunii constituie un accesoriu al sistemului de control. Utili-
zand un sistem expert, alimentat cu date operationale de baza, este posibil sa se
anticipeze defectiunile inainte ca ele sa apara si sa se ia decizii de corectare astfel
incat defectiunea sa nu aiba loc.

Sistemul trebuie sa fie configurat pe module, un modul de conversie ana-
log-digital pentru masurarea nivelului apei, pozitia portii vana, unghiurile palelor,
temperaturile energiei de iesire instantanee, etc. un modul de conversie digital-
analog sa actioneze valvele hidraulice, aparatul inregistrator cu banda, etc. un
modul de masurare pentru a masura pulsurile kWh, pluvimetru, etc. si un modul
yinteligent” telemetru care sa asigure interfata pentru comunicarile in afara am-
plasamentului, via linii de telefon dial-up, conectare radio sau alte tehnologii de
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comunicatii. Acest sistem modular este corespunzator pentru diferite cerinte in-
talnite la controlul hidroenergetic, si permite standardizarea sistemele hardware
si software. Rerducerea costului se poate realiza prin utilizarea unui sistem stan-
dard si software-ul modular permite intretinerea usoara.

Sistemele de control automat pot reduce, in mod semnificativ costul de produc-
tie al energiei prin reducerea intretinerii si cresterea fiabilitatii, in timpul functiona-
rii turbinele sunt mult mai eficiente si produc mai multa energie din apa disponibila.

Odata cu dezvoltarea imensa a computerelor de birou, preturile acestora sunt
acum foarte scazute. Multi producatori furnizeaza sisteme de achizitie date stan-
dardizate. Echipamente periferice ieftine si noi sunt “controlorii”- care ajuta la
monitorizarea si inlocuirea echipamentului de control in caz de defectiune este
sunt disponibili si usor de integrat la preturi mici. Tehnici de programare grafica
imbunatatita asista desfasurarea de software usor de folosit cu interfete grafice
de utilizator. Datorita dezvoltarii rapide a tehnologiilor digitale, diferentele intre
platformele hardware cum ar fi PLC-urile, micro-controlorii si industrial PC-urilor,
dispar pentru operator.

IV.7.7. Echipament electric auxiliar

IV.7.7.1. Transformator pentru servicii interne

Consumul de electricitate incluzand iluminatul si auxiliare ale centralei me-
canice pot necesita de la 1 la 3% din capacitatea centralei, procentul mai mare
fiind aplicabil la microhidrocentrale (mai mici de 500 kW). Transformatorul de
pentru servicii interne poate fi proiectat pentru a lua in considerare aceste sarcini
intermitente. Daca este posibil, doua furnizari alternative, cu comutare automata,
ar trebui sa se foloseasca pentru a asigura serviciul in centrala nesupravegheata.

IV.7.7.2. Control al furnizarii de energie DC

In general se recomanda ca centralele controlate de la distanta sa fie echipa-
te cu furnizare de energie de urgenta de 24 V DC de la o baterie pentru a permite
controlul centralei pentru inchidere dupa o defectiune la retea si comunicarea cu
sistemul in orice moment. Capacitatea de un amper pe ora trebuie sa, in caz de
pierdere sau schimb de curent, asigure control complet pentru perioada necesara
pentru actiunea de corectare.

IV.7.7.3. Inregistrari bief amonte si bief aval

Intr-o hidrocentrala, trebuie prevazute dispozitii pentru inregistrarea atat a
biefului amonte cat si cea a biefului aval. Cel mai simplu mod este sa se fixeze,
in mod sigur in curent, un panou marcat cu metri si centimetri in stilui unei mire
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cu nivela, oricum cineva trebuie sa observe si sa inregistreze fizic masuratorile. In
cazul centralelor energetice prevazute cu control automat cea mai buna solutie
este utilizarea convertizorilor conectati la calculator prin echipamentul de achizi-
tionare a datelor

In zilele noastre unitatile de masurare-un senzor- inregistraza variabila de
masurare si o transforma in semnal care este transmis catre unitatea de procesare.
Senzorul de masurarea trebuie sa fir intotdeauna instalat la locul masurarii, acolo
unde nivelul trebuie sa fir masurat. - De obicei supus conditiilor dure si accesului
dificil- intrucat unitatea de procesare este de obicei separata si amplasata intr-un
mediu bine protejat usor accesibil pentru operare si serviciu.

Exista o gama larga de senzori fiecare folosind o varietate de principii de masu-
rare. Trebuie sa se realizeze ca punctul nivelului de masurare trebuie sa fie selectat
cu atentie pentru a reprezenta intregul bief amonte in conformitate cu principiul
Bernoulli, o schimbare a vitezei curentului cauzeaza o schimbare in presiunea dina-
mica si in consecinta in nivelul aparent al apei dupa cum este masurat de senzorul de
presiune. Daca masurarea amplasamentului este localizata in structurile de intrare
si iesire, acolo unde pot aparea viteze de curent ridicate, masurarea va da rezultate
false. Senzorul de nivel poate transmite semnalul prin utilizarea metodei hidrosta-
tice (figura 6.36 a) sa metoda pneumatica (bule) (figura 6.36 b). In cazul primei me-
tode trebuie avuta grija pentru ca toate tuburile pentru transmisia presiunii sa fie
dimensionate si plasate astfel incat sa nu fie blocate si sa nu se permita acumularea
de aer. In cazul celei de-a doua metoda, orificiul senzorului este localizat mai jos
decat nivelul corespunzator la inceperea masurarii, si apa nu poate penetra si nu se
poate aduna in linii. In solutia prezentata in figura 6.36 a), materialul plutitor poate
deteriora instrumentul. Cea mai buna solutie este asamblarea ascunsa a partilor in
perete dupa cum se arata in figura 6.36 b) si c).
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IV.7.7.4. Statie electrica de exterior

Asa numitul sistem apa-cablu de obicei statia electrica de exterior. Un intre-
rupator trebuie sa separe centrala inclusiv transformatorul de multiplicare de la
retea in caz de defectiuni la centrala energetica. Masurarile PT si CT pentru for
kWh si kW sunt montate, de obicei, la statia electrica de exterior, la legatura din-
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tre conductorii de iesire si linia de deconectare cu reteaua. In zone cu sensibilitate
de mediu ridicata centrala electruica de exterior este inclusa in centrale energe-
tica, si cablurile de transmisie trec de-a lungul stavilarului. Paratraznetele pentru
protectie impotriva socurilor de tensiune pe linie sau a fulgerelor in reteaua din
apropriere sunt montate in structura statiei electrice de exterior.
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Capitolul V
Impactul asupra mediului in construirea centralelor
hidroelectrice

V.1. Acord

,»A TREIA CONFERINTA A PARTILOR LA CONVENTIA-CADRU A STATELOR UNITE
ASUPRA SCHIMBARILOR CLIMATICE ” a avut loc la Kyoto in Decembrie 1997. Aceasta
a fost a doua initiativa dupa istorica Conferinta de la Rio asupra Mediului si Dez-
voltarii in lunie 1992. Chiar mai devreme, Uniunea Europeana a recunoscut nece-
sitatea urgenta de a aborda problema schimbarilor climatice. “Cartea alba pentru
o strategie si un plan de actiune comunitar intitulat: “Energie pentru viitor: surse
regenerabile de energie” a fost ulterioe elaborat oferind un important pas inainte.

In cele din urma, “ Directiva /77/EC a Parlamentului European si a consiliului
din 27 septembrie 2001 asupra promovarii energiei produsa din surse de energie
regenerabile pe piata interna de electricitate” stabileste obiective comunitare
clare. A fost declarat obiectivul orientativ global de 12% RE din consumul brut de
energie casnica pana in 2010. Pentru a atinge acest obiectiv ambitios toate Sta-
telor Membre li s-a cerut sa stabileasca o serie de obiective natinale orientative
pentru consumul de electricitate produc din surse regenerabile.

Un studiu strategic pentru dezvoltarea Microhidrocentralelor in Uniunea Euro-
peana: “Varsta albastra pentru o Europa Verde” a fost finalizat in 2002 si ofera un
studiu interesant despre potentialul Microhidrocentralelor prin diferite abordari.
Tarile Uniunii Europene estimeaza, in cadrul constrangerilor de mediu si econo-
mice, o crestere a capacitatii de 1111 MW prin actualizarea centralelor existente
(productie anuala de 4518 GWh) si o crestere in capacitate a 4828 MW prin realiza-
rea noilor microhidrocentrale (productie anuala de 19645 GWh).

Potentialul tehnic cu doar constrangerile de ordin tehnic ar reprezenta o du-
blare a cifrelor mentionate mai sus: 2080 MW (8100 GWh/an) prin actualizare
centralelor existente si 9615 (38058 GWh/y) prin noi centrale ar putea fi atins
teoretic. Realizarea obiectivului ,,teoretic” objective (46158 GWh/an) va implica
o reducere anuala de 20 de milioane de tone de emisii de CO, pe baza unei valori
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prudentiale (centrale pe baza de gaz) de 0.43 kgCO,/kWh.

Cu toate acestea, in tendintele actuale obiectivul de mai sus nu va fi nu va
fi atins atat timp cat procedurile administrative de autorizare a utilizarii apei nu
sunt accelerate. Sute, daca nu mii, de cereri de autorizare sunt in asteptarea
aprobarii, intarzierea fiind cauzata in principal de conflictul perceput cu mediul.
Anumite agentii de mediu par sa justifice sau cel putin sa scuze- aceasta blocada
pe motive legate de capacitate redusa a centralelor mici. Pare sa se fi uitat ca,
prin definitie, energiile regenerabile sunt descentralizate si ca in prezent numai
microghidrocentralele si turbinele eoliene pot contribui semnificativ la productia
de electricitate din surse regenerabile.

In acelasi timp, desi ar trebui sa fie acceptat faptul ca productia de energie
electrica in microhidrocentrale nu produce dioxid de carbon sau poluanti lichizi,
faptul este ca datorita plasarii lor in zone sensibile cu impacte locale nu sunt in-
totdeauna neglijate. Avantajele semnificative globale ale microhidrocentralelor
nu trebuie sa impiedice identificarea sarcinilor si impactul la nivel local si luarea
de masuri de atenuare necesare. Centralele termice mari datorita relevantei lor
economice si de scara, sunt autorizate la niveluri administrative foarte ridicate
si in anumite cazuri, impactul lor nu poate fi diminuat in prezent. O amenajare
hidroenergetica care produce efecte care pot fi reduse, se ia in considerare la ni-
veluri administrative mici, acolo unde influenta grupurilor de presiune- asociatii de
pescuit, ecologisti, etc.- este mai mare.

Nu este dificil sa se identifice impactul, dar deciderea masurilor care trebu-
ie luate nu este usoara, deoarece acestea sunt dictate, de obicei, de argumente
subiective. Prin urmare, este recomandabil sa se stabileasca un dialog permanent
pe baza proiectului de mediu, furnizarea de reguli care vor ajuta proiectantul in
scopul propunerii de masuri de atenuare care pot fi usor convenite cu autoritatile
de autorizare.

Recent, punerea in aplicare a Directivei Cadru privind ala va introduce cerin-
te suplimentare din punct de vedere ecologic. Nu exista indoiala ca indeplinirea
obiectivelor ecologice cum ar fi construirea sistemelor de trecere a pestilor sau
reducerea debitului de apa pin curentul de rezerva crescut are implicatii sem-
nificative asupra costului si reduce viabilitatea microhidrocentralelor. Atingerea
obiectivelor de mediu nu depinde de rezistenta ideologica a dezvoltatorului am-
plasamentului ci de restructiile sale economice. In realitate ,,problema de mediu”
are origini economice.

V.2. Impactul in timpul fazei de constructie

Amenajarile de tip deviere, rezervorul multifunctional, inserat pe canalul de
irigare sau construit intr-un sistem de furnizare a apei produc un impact diferit
una fata de alta, atat din punct de vedere cantitativ cat si calitativ. O amenajare
care foloseste un baraj multifunctional nu are practic niciun impact nefavorabil,
de indata ce se intelege ca atunci cand barajul a fost construit au fost incorporate
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masuri necesare de atenuare. Chiar si locatia centralei energetice va fi la baza si
nu va altera sistemul ecologic.

Amenajarile integrate pe un canal de irigare sau intr-un sistem de furnizare
a apei prin conducte nu va avea un nou impact in plus fata de cel generat atunci
cand sistemul de conducte si canalul au fost asupra elaborate. Pe de alta parte,
amenajarile de deviere prezinta aspecte speciale care trebuie sa fie analizate.

V.2.1. Rezervoarele

Impactul generat de construirea unui baraj si crearea unui rezervor adiacent
include, in plus fata de pierderea de teren, construirea si deschiderea la constru-
irea de drumuri, platforme de lucru, dinamitare si chiar-in functie de marimea
barajului- fabrici de fabricare a betonului alt impact care nu trebuie neglijat este
efectul de bariera si alterarea de debit consecinta a reglarii raului care nu exis-
ta inainte. Trebuie sa se sublinieze ca rezervoarele nu sunt de fapt tipice pentru
microhidrocentrale. Majoritatea microhidrocentralelor apartine tipului de curgere
fara lucrari de construtctii majore ca in cazul barajelor.

Oricum, impactul generat de construirea barajului nu difera de cel indus de
elaborarea oricarei infrastructuri la scara larga, ale carui efecte si masuri de ate-
nuare sunt bine cunoscute.

V.2.2. Priza de apa, canale deschise, stavilare, canale de evacuare

Efectele generate de construirea acestor structuri sunt bine cunoscute si au
fost descrise in Tabelul 1, ex. zgomotul afecteaza viata animalelor, pericol de
eroziune datorat pierderii de vegetatie prin lucrarile de excavare, turbitatea apei
si depunerea de sediment in aval, etc. Pentru a reduce aceste efecte este reco-
mandat ca lucrarile de excavare sa fie efectuate in timpul anotimpului cu putine
precipitatii si terenul deranjat, refacut cat mai curand posibil. In orice caz aceste
efecte sunt intotdeauna trecatoare si nu constituie un obstacol serios pentru pro-
cedura de autorizare administrativa.

Avand in vedere rolul sau impotriva eroziunii riverane este intelept sa se re-
staureze si sa se consolideze vegetatia de pe mal care ar fi putut fi distrusa in
timpul construirii structurilor hidraulice. Trebuie sa se observe ca terenul trebuie
repopulat cu specii indigene, cel mai bine adaptate la conditiile locale.

Studiul de evaluare a impactului trebuie sa ia in considerare efectele de dis-
persare a materialului excavat in curent si consecintele nefavorabile ale muncito-
rilor constructori care locuiesc intr-o zona nepopulata in timpul perioadei de con-
structie. Acest impact, care poate fi negativ daca amenajarea este localizata intr-
un parc natural, ar fi pozitiv intr-o zona insensibila prin cresterea nivelului sau de
activitate. Emisiile de la vehicule, praful de excavare, nivelul ridicat de zgomot,
si alte sarcini minore contribuie la deteriorarea mediului atunci cand amenajarile
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sunt localizate in zone sensibile. Pentru a reduce efectele de mai sus operatiunile
de trafic trebuie sa fie planificate cu atentie pentru a elimina miscarile inutile si
pentru a mentine traficul la minim.

Pe partea pozitiva, trebuie sa se observe ca sporirea nivelului de activitate
in zona, prin utilizarea fortei de munca si a subcontractorilor locali mici in timpul
fazei de constructie este binevenita.

V.3. Impactul rezultat din constructie

V.3.1. Impactul sonic

Nivelul admis de zgomot depinde de populatia locala sau de casele izolate din
aproprierea centralei energetice. Zgomotul provine in principal de la turbine si,
atunci cand sunt folositi, de la multiplicatorii de viteza. In zilele noastre zgomotul
in interiorul centralelor energetice poate fi redus, daca este necesar, la niveluri de
70 dBA, aproape de neperceput din afara.

In ceea ce priveste impactul sonic, centrala energetica Fiskeby din Norrkoping,
Suedia este un exemplu de urmat. Proprietarul amenajarii a dorit un nivel sonor
intern maxim de 80 dBA in interiorul centralei energetice la capacitate de func-
tionare maxima. Nivelul sonor extern maxim permis, noaptea, a fost stabilit la t
40 dBA in vecinatatea unor case localizate la aproximativ 100 metres indepartate.

Pentru a atinge aceste niveluri de zgomot s-a decis ca toate componentele-
turbinele, multiplicatorii de zgomot si generatoarele asincrone - au fost aduse
intr-un singur pachet de la un furnizor bine-cunoscut. Contractul de achizitie a
specificat nivelul de zgomot care urmeaza sa fie atins la capacitate de functio-
nare maxima lasand masurile necesare sa indeplineasca cerintele fabricantului.
Furnizorul a adoptat urmatoarele masuri; huse de izolare fonica deasupra carcasei
turbinei; racirea cu apa in loc de racirea cu aer a generatorului si un design atent
al componentelor auxiliare. Ca si izolarea termica obisnuita, cladirea a fost pre-
vazuta cu izolare acustica. In consecinta, nivelul zgomotului atins variaza intre 66
dBA si 74 dBA, cu 20 dBA mai putin decat media centralelor energetice suedeze.
Avand un singur furnizor, a fost eliminata problema responsabilitatii.

Reducerea nivelului sonor extern a fost obtinuta prin utilizarea izolarii impor-
tiva vibratiilor pentru peretii si tavanul centralei energetice. Principiul pentru re-
ducerea sistemului vibratiilor a fost sa se lase placa de baza, pilonii si deschiderea
din beton pentru podul rulant sa fie excitati de vibratia de la unitatile de turbina.
Celelalte parti ale cladirii cum ar fi grinzile din beton de sustinere a tavanului si
elementele prefabricate din beton din pereti sa fie sustinute de elemente speci-
ale din cauciuc proiectate cu constante de elasticitate care sa ofere o reducere
maxima de zgomot. Pentru grinzile de planseu au fost alese compozite speciale
(TrelleborgNovimbra SA W300). O alegere similara a fost alegerea componentelor
prefabricare pentru pereti. Odata construita, emisia de zgomot de la centrala
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energetica ar putea fi detectat de la alte surse de zgomot cum ar fi de la trafic,
sunetul apei in curent, etc. la cea mai apropiata cladire.

Centrala energetica subterana din Cavaticcio4, localizata la aproximativ 200
m de Piazza Maggiore, centrul istoric al orasului Bologna, are merite in acest sens.
Un studiu de impact acustic efectuat pe amenajarea italiana a aratat un nivel
mediu intern de aproximativ 85 dBA. Nivelul de zgomot in aproprierea caselor de
langa centrala energetica a fost de 69 dBA ziua si de 50 dBA noaptea. Reglemen-
tarile in vigoare solicitau ca aceste valori sa nu mai creasca cu mai mult de 5 dBA
in timpul zile si 3 dBA in timpul noptii. Masurile luate pentru a indeplini aceste
cerinte au fost similare cu cele luate in cazul Fiskeby:

» Izolarea salii masinilor, cea mai zgomotoasa incapere, din incaperile adiacen-
te prin dublarea peretilor cu diferita masa, cu un strat de vata de stlica intre.

» Usi izolate fonic.
» Podele plutind pe covoare de vata de sticla de 15 mm grosime.
» Tava fals cu caracteristici de izolare fonica

» Chepenguri grele la parter, dotate cu izolator acustic si garnituri de izolare
Cu neopren

» Imbinari cu amortizare a vibratilorintre ventilatoare si conducte de ventilatie
» Conducte de viteza minima de aer (4 m/sec)

» Doua amortizoare in partea de sus si din spate a instalatiei de vetilatie

» Cosuri de intrare si iesire echipate cu inchizatoare pentru zgomot

» Conducte de aer cu material in straturi (beton, vata de sticla, caramizi
perforate si ipsos)

» Componente totative turbina echilibrate dinamic
» Generator sincron cu racire cu apa fara perii
» Echipamente de precizie fabricate pentru multiplicatorul de viteza

» Carcasa turbina si multiplicator de viteza puternic intarite pentru a evita
rezonanta si vibratiile.

» Ancorarea turbinei cu cu beton anti-strangere pentru a asigura conditia
monolitica intre unitatea hidro si blocul fundatiei

» Balastarea turbinei cu mase mari de beton pentru a reduce la minim ampli-
tudinea vibratiilor.

Ventilatia subterana are trei scopuri principale: dezumificarea camerelor
pentru a asigura o corecta functionare si intretinere a echipamentului, furnizarea
de aer curat pentru muncitori si eliminarea caldurii generata de diferitele compo-
nente ale instalatiei. Chiar si cu un volum mare de circulare a aerului, estimat la
7000 m3/ora, viteza aerului in conductele de aer nu depaseste 4 m/sec.

Este adevarat ca cele doua exemple de mai sus sunt unele foarte speciale
dar ele sunt incluse aici pentru a arata ca totul este posibil daca este considerat
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necesar desi proiectul poate necesita o crestere semnificativa a investitiei. Este
adevarat ca cele doua exemple se refera la amenajarile cu cadere mica implicand
multiplicatori de viteza; o amenajare de deviere mare ar permite cuplarea directa
a turbinei si generatorului, astfel eliminand componenta responsabila pentru ma-
joritatea vibratiilor.

V.3.2. Impactul asupra peisajului

Calitatea aspectelor vizuale este importanta pentru public, care este din ce
in ce mai reticent in a accepta schimbarile care au loc in mediul lor vizual. De
exemplu, un ansamblu nou in vecinatatea noastra cu o plaja artificiala construita
cu nisip provenit de la un pat submarin a fost respinsa de o parte a populatiei,
chiar daca, in multe sensuri aceasta ar contribui la imbunatatirea mediului, inclu-
siv peisagistic. Problema este deosebit de acuta in amenajarile hidroenergetice
muntoase mari sau in amenajari situate in zona urbana. Aceasta preocupare este
frecvent manifestata sub forma de comentarii publice si chiar de provocari legale
pentru dezvoltatorii care cauta schimbarea peisajului mult-iubit prin dezvoltarea
instalatiilor hidroenergetice.

Fiecare dintre componentele care sunt incluse intr-o amenajare hidroener-
getica, digul, canalul colector, stavilarul, gura de admisie, canalul de fuga, statia
electrica si liniile de transmisie- au un potential in crearea unei schimbari in im-
pactul vizual al amplasamentului prin introducerea de forme contrastante, linii,
culori sau texturi. Designul, locatia si aparenta uneia dintre caracteristici poate
determina nivelul de acceptare publica pentru intreaga amenajare.

Majoritatea acestor componente, chiar si cele mai mari, pot fi verificate de
vedere folosind peisajul si vegetatia. Vopsita in culori si texturi non-contrastante
pentru a obtine suprafete neflectorizante, o componenta se va amesteca sau va
completa peisajul caracteristic. Efortul creator, de obicei cu efect mic asupra bu-
getului total, poate adesea rezulta intr-un proiect acceptabil pentru toate partile
implicate: comunitati locale, agentii nationale si regionale, ecologisti etc.

Stavilarul este, de obicei, principala ,,bataie de cap”. Dispunerea acestuia tre-
buie sa fie studiata cu atentie folosind fiecare caracteristica naturala - roci, sol,
vegetatie - pentru a-l acoperi si daca nu exista nicio alta solutie, vopsirea lui in asa
fel incat sa minimalizeze contrastul cu fundalul. Daca stavilarul poate fi ingropat,
aceasta este, de obicei, cea mai buna solutie, desi operatorul trebuie sa intampine
anumite dezavantaje in ceea ce priveste intretinerea si controlul. Rosturile de ex-
pansiune si blocurile de ancorare din beton pot fi apoi reduse sau eliminate; terenul
revine la starea sa initiala si conducta nu formeaza o bariera pentru viata salbatica.
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Capitolul Vi

Analiza economica

O investitie intr-un sistem de hidrocentrale mici implica un anumit numar
de cheltuieli, extins pe toata durata proiectului, si procura unele venituri, de
asemenea, distribuite in aceeasi perioada. Cheltuielile includ o componenta fixa
- costurile de capital, asigurari, taxe altele decat impozitele pe venit, etc - si o
componenta variabila, cheltuielile exploatare si intretinerea . La sfarsitul proiec-
tului, in general, limitat de perioada de autorizare, valoarea reziduala va fi, de
obicei pozitiva, desi unele autorizatii administrative solicita abandonarea tuturor
instalatiilor care revine statului. Analiza economica compara alternative posibile
pentru a permite alegerea celei mai avantajoase sau renuntarea la proiect.

Din punct de vedere economic, o hidrocentrala este diferita de o centrala
termica conventionala, deoarece costul investitiei initiale pentru fiecare kW, este
mult mai mare, dar costurile de exploatare sunt extrem de mici, deoarece nu este
nevoie sa plateasca pentru combustibil.

Analiza economica poate fi facuta fie prin includerea efectului de inflatie fie
prin omiterea sa. Lucrand cu o valoare monetara constanta are avantajul de a face
analiza in esenta, independent de rata inflatiei. Calcularea valorii este mai usor de
realizat in acest fel, deoarece se refera la un punct mai aproape in timp, ceea ce
inseamna ca sunt prezentate intr-o moneda care are o putere de cumparare aproa-
pe cea prezenta. In cazul in care exista motive sa se creada ca anumite elemente
vor evolua intr-un ritm diferit fata de inflatie, acestea trebuie sa fie tratate cu o
rata a inflatiei diferentiala. De exemplu, daca presupunem ca, din cauza tarifelor
la energia electrica va creste cu doua puncte mai putin decat inflatia, in timp ce
restul factorilor raman constanti in valoare, pretul energiei electrice ar trebui sa
scada cu 2% in fiecare an.

Estimarea costului de investitie constituie primul pas in evaluarea economica.
Pentru o abordare preliminara, estimarea se poate baza pe costul amenajarilor
similare.

Exist o serie de pachete software disponibile pentru a ajuta la analiza unui
amplasament potential. Pachete PC de baza, cum ar fi HydrAand disponibile pe
Web Hydrosoftare pot fi descarcate. Unele dintre ele sunt limitate la anumite
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regiuni sau tari in timp ce altele sunt mult mai generice. RETScreen Pre-feasi-
bility Analysis Softwareis este un pachet software generic, liber disponibil cu
un manual de utilizare on-line. Aceasta permit utilizatorilor sa pregateasca o
evaluare preliminara a productiei anuale de energie, costurile si viabilitatea
financiara a proiectelor.

In timp ce este esentiala identificarea daca amplasamentul are potential teh-
nic, cheia pentru orice dezvoltarea cu succes este efectuarea unei analize econo-
mice care va oferi o indicatie precisa a costului investitiilor necesare. In timpul
acestei analize o consideratie esentiala este costul estimat per kW.

Cu toate ca, o estimare a costurilor este esentiala pentru analiza economica,
este necesar ca o a doua etapa, efectuarea unui design preliminar, care sa includa
componentele principale ale amenajarii. Bazat pe acest design, preturile de buget
pentru materiale pot fi obtinute de la furnizori. Aceste preturi nu pot fi considera-
te ca preturi fixe pana ce nu se furnizeaza caietul de sarcini si datele de livrare.
Acest lucru va avea loc mai tarziu, in timpul proiectarii efective si a procesului de
achizitii publice.

Nu uitati ca intr-o instalatie conectata la retea, costurile de investitie ale lini-
ei de conectare ar trebui sa fie incluse, deoarece in conformitate cu reglementari-
le nationale diferite aceasta linie, desi, uneori, devine proprietatea proprietarului
de retea, este intotdeauna construit pe cheltuiala dezvoltatorului hidromicrocen-
tralei. O instalatie aproape de punctul de conectare la retea va fi intotdeauna mai
ieftina decat cea instalata departe de aceasta. Acelasi rationament poate fi aplicat
la liniile telefonice. La o instalatie fara pilot, o linie telefonica, pentru a trans-
mite semnale de telemetrie si de alarma, este frecvent utilizata, desi, ocazional,
ar putea fi mai ieftin pentru a utiliza linia de transmisie in sine pentru a stabili o
legatura radio. Utilizare a retelei telefonice digitale celulare este, de asemenea,
tot mai mult utilizata cu conditia sa existe o acoperire suficienta.

O analiza economica a amenajarii a unui dezvoltator ar fi simplificata daca
tarifele la energia electrica pentru aMWh ar fi o entitate cunoscuta si stabila.
Acest lucru nu este posibil deoarece pietele variaza in mod constant - miscarea
de liberalizeze, deschiderea pietele si promovarea energiei RE serveste ca un bun
exemplu. Tarifele sunt stabilite in diferite moduri intre generator si furnizor si
sunt influentate de politica nationala. Aceste politici pot si variaza de la o tara la
alta si sunt revizuite si modificate frecvent, oferind decat o privire de ansamblu.
Tarifele negociate printr-o forma de contract de vanzare cumparare cu furnizorul
de energie vor varia de la tara la tara si vor fi puternic influentate de politica tarii
respective la nivel national. Prin urmare, este important ca dezvoltatorul sa inte-
leaga clar implicatiile politicii nationale.

,Valoarea in timp a banilor” este conceptul prin care un euro primit astazi
valoreaza mai mult decat un euro primit intr-un anumit punct in viitor, deoarece
un euro primit astazi poate fi investit pentru a castiga dobanda. Analiza valoarii in
timp a banilor implica, in general, relatia dintre o anumita suma de bani, o anumi-
ta perioada si 0 anumita rata de dobanda compusa.
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naBa |

MNonntnyecka pPaMKa

Cnep “Tpetata KoHdepeHuMa Ha cTpaHuTe oT ObeanHeHaTa HauMOHaIHA pam-
KOBa KOHBEHUMA 3a KNIMMATMYHMTE NPOMEHU” npoBegeHa B KMOTo npes mecel, ge-
KemBpu 1997 r., EBpONemcKMAT Cblo3 NpU3Ha CrellHaTa HyX4a Aa ce 3acerHe npo-
6nema 3a KIMMaTtuyHUTEe npoMeHu. Cblyo Taka Habensasa uen ja ce Hamaau nap-
HUKOBUMA edeKT, nponsnmsaly, ot BpegHmTe emmcum ¢ 8 % 1o 2010 r. B cCpaBHEHUE
¢ HuBaTa ot 1990 r., KaTo Npu Apyrute MHAYCTpUanu3upaHu cTpaHm uenta e 5 %.

3a Aa ynecHu ctpaHuTte YyaeHku Ha EC B nocturaHeTo Ha yenmte cu, Kommcu-
ATa UAEHTUOULUMPA cepUst OT JEMHOCTM, (DOKYCMPAMKM CE BbPXY HaMa/lifiBaHE Ha
notpebsieHMeTo Ha eHeprua n eMucumnTe Ha Bbriepog (CO,).

Pa3paboTBaHETO Ha €HEprMm OT Bb3OOHOBAEMM M3TOYHMUM € MHOr0o BaKHa
CTbMNKa 3a HamanABaHe Ha BpeaHuTe eMucmm CO,. ETo 3awo CoeeTsbT Ha EC m MNap-
JlaMeHTa ca npmasmxmnaun Hanpes Avpektusa 2001/77/EC 3a npeaCcTaBAHETO U CTU-
MYJIMPAHETO Ha eHEeprus, NpomMsBeieHa OT Bb30OHOBAEMM EHEPIrUMHU U3TOUYHULIN.

EnexkTpmMyecTBoTO Npou3BeAeHO OT BOoJAHA €Heprus e 6u10, M e BCe olle U
JIHEC HAM-NON3BAHMAT Bb306HOBAEM M3TOYHMK 3a Jo6MBaHe Ha eHeprus. JHec
BoJHOe/ileKTpMyeckaTa eHeprma B EC - B WUMPOK M MasbK Mallab - NpeAcTaBasaBa,
cbrnacHo /loknaja 3a Boamte, 13% oT 06110 NpousBeeHaTa eHeprusa, M Taka BoAM
A0 HamaniaBaHeTo Ha emmcmuTe CO, C noseye OT 67 MMNMOHA TOHA Ha rognHa. Ho
MOHEXe KOHBEHLMOHA/IHATA BOAHAa €HEPruUs M3UCKBA FOJIEMU TEPUTOPMM C Tevalla
BOJla, CbC CBOMTE MOC/NE/[Ba/IM COLUMAIHU NPo6JIEMU U TaKMBA, CBbP3aHU C OKOJI-
HaTa cpeja, NPaBUJ/IHO NPOEKTUPAHMUTE MaIKM XMAPOCXEMM CE€ MHTErpupaT JIeCHO B
MECTHUTE EKOCMCTEMM.

Mpe3 2001r., npnbamnsmtenHo 365 TWh BogHa eHeprua e npomsBogHa B EC ¢
o6 Kanaumtet oT GW. Mankute XMaApoCbOpbKEHUA, KOUTO HabpoABaT 8.4% MHCTa-
nvpaHa MolHocT (9.9 GW) v npomssexagat 39 TWh (okono 11% ot gobmtarta BogHa
eHeprus). /laBalKM no-6aaronpuAaTHa peryaatopHa o6CcTaHOBKa, Lenta Ha EC ot
14000 MW go 2010r 61 6Mna AOCTUKMMA M TaKa MasKaTa XMAPOEHEPrMsa MOXe Aa
6bAe BTOpaTa Mo rosieMMHa C NpMHOC C/iel BATbpHaTa eHeprus.

(01 IMO MHO3MHCTBO OT MaJIKM BOAHM LlEeHTpa/n ca cxemuTe “run-of-river” 1.e
M3MOI3BalMKM TEYEHMETO Ha PEKMTE, KOETO 03HAYaBa, Y€ Te HAMAT UM MMAT OTHO-
CMTE/IHO Ma/TbK KanaumTe 3a CKnaampaHe. TypouHUTE Npou3BeKaaT eHeprua caMmo
TOoraea, KoraTo BoZaTa € Ha/IM4yHa M1 e nNpejocTaBeHa OT peKa.
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KoraTto TeyeHMeTo Ha pekaTa nagHe noj npeaonpejesieHarta CTOMHOCT, J06M-
BbT Ce npeycTaHoBsABa. HAKoM LeHTpasm NpeAcTaBasBaT CAMOCTOATE/IHU CUCTEMM,
M3MON3BaHM B U30/IMPaHU 06EKTM, HO B NOBEYETO C/ly4aun B EBpona, npon3seeHoTo
€/IeKTPUYECTBO € CBbP3aHO C e/l. MpexaTa. CaMoCToATeNIHMUTE, MaJIKM, HEe3aBM-
CUMM CXEMM, HE BMHArM ca CMoCO6HM [a [JOCTaBAT €HEpPrus, OCBEH aKO TEXHMUAT
pasMep e TaKbB, Yye Te Morar Ja (PYHKLMOHMPAT, KbAETO U [a € B PeYHMA MOTOK.
B HaKou ciyyam To3u npobnieM Moxe Aa 6bae Npeoo/isiH Ypes M3M0JI3BAaHETO Ha
CbLLECTBYBALLM €3epa UM BOLOXPAHMIMLLA, KOMTO CbLLECTBYBAT Ha rope Mo teve-
HMETO OT LieHTpanarTa.

CBprBaHeTO B €J/1. MpeiKaTa € NpeanMCTBO 3a Nno-JeCceH KOHTPOJ1 Ha YeCTOoTa-
Ta Ha €J/1. CMCTEMa 3a €J1IeEKTpn4ecTBo, HO UMa HEAOCTAaTbKa Aa Ce€ U3KJ1lo4Ba OT CHC-
TéMaTa rnopaau I'IpO6J'IeMI/I M3BDBH KOHTPOJ1a BbpXY YyrNpaBJ/IEHNETO Ha LUEHTpa/iaTa.

Bb3MOXHO e 3a cuctemarta, CBbp3aHa C MpexaTa Ja npojasBa BCUMYKaTa UM
4acT OT CBOATa eHeprus, 3a Aa cHabasaBa KomnaHuA. (benexka: He e Heo6XxoAMMO
TOBa Aa e onepartopa Ha en. Mpexara). Obaye, LueHaTa nsateHa 3a Tas3u eHeprua e
KaTo uano, ocobeHo B EBpona, 3HauMTeNIHO HUCKA. B nocnegHuTe roguHu, ToBa ce
noakpena ot BEN.

[AVpeKTuBaTa, U B HAKOU Cy4yam yBEJ/IMYEHUTE NnallaHMA OT HaUMOHAIHOTO
3aKOHO4aTe/ICTBO Ca Ha/IM4YHU 3a TbpryBaHe CbC CTpaHU C Bb306HOBAEMA eHeprumAa.
ToBa NOMOrHa Ha MajsKuTe npegnpuemaydm ga A0OMAT OCHOBaTe/IHAa KBOTA Ha Bb3-
BpaLlaeMoCT Ha MHBeCTMUMATA. ToBa CbLLO Taka goBeJe 40 HapacTBaHe pa3BuUTHE-
TO Ha MaJIKNTE XNAPOCXEMMUA.

I.1. PyMbHuUA

1.1.1. AKmyasnHo cbcmosAHue

B PyMbHMA MMa 362 XuapoueHTpanu (BEL) ¢ o6wa MHCTanMpaHa MOLLHOCT OT
6120 MW, KoeTo o03Ha4aBa 27.9% oT obLiaTa MHCTa/IMpaHa MOLLHOCT Ha pyMbHCKaTa
eHeprumHa cmctema (21905 MW).

CtpyKTypaTa Ha Te3u BEL, e cnegHarta:

» 95% ot Tax ca co6cTBeHOCT Ha SC HIDROELECTRICA SA 1 uMmaT MHCTanupaHa
MoLLHOCT oT 5899.3 MW

» 2.5% ca cobctBeHocT Ha SC ELECTRICA SA v MaT MHCTasiMpaHa MOLLHOCT OT
156 MW

» 1.9% ca cobctBeHocT Ha SC TERMOELCTRICA SA 1 MaT MHCTanMpaHa MoLy-
HocCT oT 117.6 MW

» 0.6% apyru npoussBoamMTeNIN
» OT o6wo 362 BELL, uma:
» 317 BEL, c kanauuteT mexay 0 1 30 MW, Bb3sm3aly o6wo Ha 1069 MW uH-
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CTa/iupaHa MOLHOCT

» 32 BEL, ¢ kanauyutet mexay 30 u 100 MW, Bb3sm3aw, obwo Ha 1529 MW
MHCTanMpaHa mowHocTt 13 BEL ¢ kanaumteT Hag 100MW, Bb3am3aly o6Llo
Ha 3552 MW uHcTanupaHa MowHocCT ( MoaMLILeH CTaTUCTUYECKU BONETUH Ha
PyMbHMA 3a 2001r.).

Mpe3 2000 r., ob6warta NnpomM3BeeHa eHeprusa oT BoAgHUA CeKTop e buna 14778
GWh, koeTo npeactaBnsasa 28.5% ot obwo npomnsBeaeHaTa B PyMbHMA eHeprus.

Mpe3 1998 r. n 1999 r., 6harogapeHue Ha roAMHMUTE C MHOIO BasieXXu, BOAHUA
cekTop e npoussen 35.3% u 36.1% oT 06LL0 Npou3BegeHaTa B CTpaHaTa eHeprus.

Han-BaxHuat BEL, 3a PymbHUs e XKenesHuu Bpatu 1, Ha peka JyHaB, U CbLUO
TaKa TOM e Hau-ronsiMata BoAgHoeIeKTpuyecKka LeHTpana B EBpona. MMa MHCTanm-
paHa mowHocT oT 1050 MW (camo B pyMbHCKa CTpaHa) M e nJiaHupaH Aa AOCTUIHE
1167 MW B Kpad Ha 2005 r.

ApyruTte BOAHOENIEKTPUYECKU LLEHTPa/IM B CTpaHaTa ca pa3no/ioXXeHu Ha cnea-
HuTe peku: Ont, Jlotpy, buctpmuya, Comew, AparaH, Aprew, Abm6oBuua, Pbyn
Tobprynym, Cebew, Pbyn Mape, YepHa, buctpa, Motpy, ZlyHas.

Hai-BaxXHMAT MECTEH NPOU3BOAMTE, KOMTO MMA KanaumTeTa Aa CTPOM KaKbB-
TO M [la € BUA 060opy/IBaHe 3a XMAPOLLEHTpa M € MeTanypruyHus 3asoy B Pelumua.

1.1.2. BoOHoeHepaulHU U3MOYHUYU

B PyMbHUA, Han-BaxKHUTE BoAHM 6acenHu ca: OnT, JloTpy, buctpmua, Comelu,
AparaH, Aprew, Abm6oBuua, Pbyn Toprynymn, Cebew, Pbyn Mape, YepHa, buctpa,
MoTpy, AyHaB.

XUAPOEeHEepPrMmMHUAT NOTeHUMaN Ha PYMbHMSA, CbrnacHo MocneaHuTe Mpems-
yucnenua e (Energetica Reviews 1995-2001, Electricity Supply in Romania 1996):

» TeopeTnyeH noteHuman = 70000 GWh/r, ot KonTo:
= [loTeHuMan Ha pek1Te BbB BbTPELLIHOCTTA Ha cTpaHaTta, 51600 GWh/r
= [loTeHuMan Ha pyMbHCKaTa cTpaHa Ha p.AyHaBs, 18400 GWh/r

» TexHnyeckn noteHuman: 34500 GWh/r u nHcrtanmpaHa mowHoct ot 11370
MW, oT KoMTo:

= PymMbHCKaTa cTpaHa Ha p. AyHas: 11560 GWh/r n 2620 MW nHcTanmpa-
Ha MOLLHOCT

= Mukpo-noteHuman (BEL c kanauymteT noa 0.63 MW/ueHtpana): 2940
GWh/r v 757 MW MHCTanMpaH Kanaumrtet

» MkoHOMMYeckn noteHuman: 27000 GWh/r u 9120 MW uHCTanupaH Kanaum-
TeT.

» EKcnnoaTtayMoHeH noTeHuuan (KoeTo e B cbrsacue ¢ nanckBaHmATa Ha UCTE
M B3eMa npezBuz 3aKOHOBUTE PeCTPUKLMM M Te3M 3a OKOJIHATa cpefa): oT
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24000 po 26000 GWh/r v ot 7000 go 8200 MW MHCTanMpaH Kanaymrer.

B kpasa Ha 2000 r., 67.1% OT MKOHOMMYECKMA NOTEHLMAN 3a eHeprua n 54.7% ot
MKOHOMMYECKMA NOTEHLMAN 32 MOLLHOCT ca G111 U3MNON3BaHM.

AKTyaIIHO CbCTOAHHE 3a XMAPOUEeHTpa/ImTe

MHcTanMpaHa MowHOCT (Manka<30 MW) 317 HPP, 1069 MW uMHCTanMpaHu

MHcTanupaHa mMolHocT (cpegHa 30-100 MW) 32 HPP, 1529 MW uHcTanupaHm

296.4 MW B 36 BEL, (cbwuTe Kato npu npo-

lpoeKTu B Npouec Ha CTPOMTESICTBO (Masika<30 MW)
€KTUTe C BUCOK NoTeHLuMan)

[poeKkTu B npouec Ha cTpomTesncTBo (cpeaHa 30- 448.6 MW B BEL, (CbliMTE KAaTO NpOEKTUTE
100 MW) C BMCOK MOTeHuuMan)

MoTeHunan Ha XMApoeHepruMHUTE pecypcu

HuBO Ha HasM4Ha MHpOpMaLMA MHoro go6vp

HanunuyeH nu e atnac Ha BogHUTE HMBA Ha cTpaHata? | Camo KapTa, HasimvHa B SC HIDROELECTRICA SA

U3umcneH noteHupan 70000 GWh/r TeopeTuyeH noteHuman
34500 GWh/r, 11370 MW TexHMuyecku noteHuman |900 MW
27000 GWh/r, 9120 MW MKOHOMMYECKM NOTEHLMAN

YcraHoBeHa /1 e uenrta? 900 MW

MAeHTMCbMKaUMﬂ Ha 30Hl4Te/I'IPOEKTMTe C BUCOK NnNoTeHUuMa/1 Ha BOAHa eHeprua

MpenopbynTeNHU CTpaTermyeckm OLEHKM He
HPP BepeTta (16.2 MW)

HPP Po6ewy (28.5 MW)
HPP Ctpeit (16.8 MW)
HPP KanaH (7.8 MW)
HPP Baumsa (11.7 MW)
HPP Cumepsa (11.5 MW)

apyrm 30 BoAHOENEKTPUYECKM LeHTpaan € oLy
Kanauutet ot 203.9 MW

HPP Cypayk (31.2 MW)
HPP Pbyn An6 (36 MW)
HPP MoBsuneH (37 MW)
HPP Bana 3aaynym (35 MW)

APYr1 6 BOAHOENEKTPUYECKM LEHTpa/iM C o6y
ot 309.4 MW

Kanaumtet mexay 0 1 30 MW

Kanauutet mexay 30 1 100 MW
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.2. bbarapus

1.2.1. AkmyasiHo cbcmoAHue

Bbarapusa nonsea cBoMTE XMAPOEHEPTUMHM pecypcH Beye rnoseye oT ABe Ae-
cetunetua. NoHactoawem ctpaHata uma 10,300 MW MHCTanMpaHa MOLLHOCT OT ro-
NIeMU TbProBCKM BOAHOENEKTPpUYEeCKU LeHTpasm (BELL). bbarapma cbuo Taka mma
npUoAn3uTENHM 545 MW MHCTanMpaHa MOLHOCT OT MaJIKM U MUKPO (< 15 MW) BELL-
oBe (cnopea MHdOpMaums Ha 6asata AaHHW Ha CBETOBHUTE EHEPrUMHU LEHTPau,
toHn 2009 r). MpubansmntenHo, 3.6 MMaMapaa KMaoBaTdaca ca NpomM3BeAeHU OT BOA-
HoeneKkTpuyeckmrte ueHtpaam npes 2007 r., BogHaTa eHeprua cbCcTaBaAaBa okosio 10
npoueHTa oT 0610 npoussegeHaTa B bbarapua eHeprumsa (EIA, 2007 r.).

Bbarapua otuyMTa pbCT B BOAHOEHEPrMMHUS ceKTop. lMoHacToswem, 105 MW
OT BOZHOENIEKTPUYECKMA KanauuTeT e um3rpageH, u 190 MW ot Kanauuteta e 6umn
nnaaHMpaH. 3a no-ronAmara Cu 4acTt, TEXHUYECKMA U MKOHOMMYECKM NOoTEeHUMan Ha
bbarapua 3a ronemmte BOAHU LEHTPa/IM € HanbJIHO 0Noa30TBopeH (MHdopmMaumo-
HEH GINETUH 3a Bb30OHOBAEMa eHeprus, EK).

Bbarapckoto npaBUTENCTBO € NOCTaBWU/IO FOIAM aKLEHT BbpXY pa3BMTMETO Ha
BOAHWUTE pecypcu Ha CTpaHaTa B YCM/IMETO Ja OrpaHMyM 3aBMCMMOCTTa OT BHOC Ha
YyXKAM ropmBa. 3aKOHbT 3a EHeprmaTa 1 eHeprumHata epekTMBHOCT oT 1999 r. uenm
NpMBaTU3MPAHETO Ha MPOU3BOACTBOTO HA EHEPrusA, BKIKOYMTENHO 1 HA BOAHOTO e/leK-
Tpu4yecTBo. KaTo usano, npuéamsmntenHo 63 Mmankm m Mmkpo BELL-oBe ca nokanmsmpanu
B TepeHu, cobcTBeHoCT Ha HEK (HauuoHanHaTta enekTpmMyecka KomMnaHmsa), BCUYKM OT
KOWUTO ca 3a npuBaTtm3auma. Cnopes AaHHM Ha CBeToBHaTa NpMBaTU3aUMOHHA 6aHKa,
EHepruiHaTa KomnaHus MpuHcka buctpuua e npmeatmampa npes 2000 r., u MNpoyy-
BaHe 1 J06MBaHe Ha HedT M ra3, eHepruiMHa KOMMaHus, KOATO e MpPMBaTU3MpPaHa npes
2003 r. bbarapckoTo NpaBUTENCTBO € UHMUMMPAJIO Npe3 NocaegHuTe roauHU HOBM
JIMUEH3MOHHM CXEMM, KaTO YacT OT npoueca 3a pa3paboTBaHe Ha NMPOEKTH.

MMa HAKONIKO KOMMaHMM OT YaCTHMA CEKTOpP B PasBUTUETO Ha MasIKM U MUKPO
BELl-oBe, kakBuTO ca EHepronpoekT, Xuapo 00/, AMEK, v ESD bbarapua. lNoHexe
CTpaHaTta HAMa acoumauma Ha XMApornpomM3BOAUTENIMTE, MMa HAKOJIKO OpraHm3aumu,
Cb34aZl€HM Ha OBLIMHCKO HMBO, KOUTO Ca 3aMHTEpPECOBaHM B Pa3BMTMETO Ha CEKTO-
pa Ha Bb30OHOBAEMWUTE E€HEPrUMHM MU3TOYHUUM. OBLIMHCKMTE OpraHM3aumu, Kato
MnoBAMBCKa eHeprumHa areHums, KakTo M PermMoHaneH eHeprueH cektop Jloseu,
Pyce n XackoBo ca caMO HAKO/IKO OT MMeHarTa.

B reorpadcko oTHoweHue, bbarapma pasnonara € NA1aHUHCKU TEPEHU, B KOM-
O6UHauMA C AONIMHU U paBHMHMU. CpegHaTa HagMOPCKa BUCOYMHA e 470 M Hag Mop-
CKOTO paBHMULLE M CpeaHUTE FOAMLLHM BaJI€XKM Ca OKOJ1I0 672 MM J06MBaHM OT 526
PEKM C Ab/IKMHA NO-ronAma ot 2.6 KM. BCMUKMA TO3M BOAEH NOTOK Ce Yepnu oT TpU
OCHOBHM BO/IOM3TOYHMKA: KOPUTOTO Ha peka JyHaB, 6aceMHa Ha YepHo mope, U
6acenHa Ha Erencko mope. Han-agbarata peka B bbarapus e Uckbp, KoATo Teye B
npoab/xeHne Ha 368 KM 1 ce BaMBa B peKa /JyHas.
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O6L0TO roAMLLIHO PEYHO OTTUYAHE B CTpaHaTa, OT PEKM BbB BLTPELLHOCTTA M0 BpeMe
Ha HOpMaJlHa roavHa e npubamantenHo 20.2 M1anapaa M3, a 3a Cyxa roamMHa Moxke Ja 6bae
no-Masnko ot 9.3 muamapaa m® (LleHTbp 3a MHTErpMpaHa pervoHasiHa oueHKa, 2000 r.).

1.2.2. XudpoeHepauliHuU pecypcu

Bbnrapus nonsBa cBoMTE XMAPOEHEPrMMHM PECYPCU BeYye rnoBeye OT JBe Je-
cetunetua. NoHactoAawem ctpaHata uma 1,937 MWe MHCTasiMpaHa MOLLHOCT OT ro-
JIeMU TbProBCKM BOAHOENEKTpMUYECKU ueHTpanu (BEL)), gokato ob6uwo 63 MWe ce
reHepupaT OT MasKu U MUKpoueHTpanu (Coduna eHeprmeH ueHTbp, 2002 r.). To3m
MHCTa/IMpaH XMAPOEHeprueH KanayMtet € npubamsmtenHo 15 npoueHTa OT 06Lwo
MHCTa/IMpPaHUA TbProBCKM KanaumTteT 3a ctpaHata (US DOE 2002 r.). O6aye, MHOro
oT cbuecTyBawmTe BEL, ca Ha noseye oT 30 roaMHU M MMa HyXaa Aa 6baaT pexa-
OUAMTUPAHM, 3a A Ce Bb3CTaHOBM TEXHUA UCTUHCKM BbPXOB KanaumTerT.

bbarapckoto nNpaBUTENCTBO € MOCTaBU/IO FONIAM aKLEHT BbpPXY PasBUTHETO Ha
BOAHMTE pecypCU Ha CTpaHaTa B YCU/IMETO Ja OrpaHM4YM 3aBUCMMOCTTA OT BHOC Ha
Yy}KAU ropmBa. 3aKOHBbT 3a eHepruaTa U eHeprumHata epekTMBHOCT oT 1999 r. uenu
npuBaTU3MpPAHETO Ha NPOU3BOACTBOTO HA EHEPIrmsA, BKAOYUTEIHO U HA BOAHOTO €/1eK-
Tpu4yectBo. Kato usno, npuéamsmntenHo 63 mankm m Mmkpo BELL-oBe ca nokanusmnpanm
B TepeHu, cob6cTBeHOCT Ha HEK (HauuoHanHaTta enektpmMyecka KoMnaHms), BCUYKM OT
KOMTO ca 3a npuBatusauma. Cnopes AaHHW Ha CBeToBHaTa npyBaTU3aLMOHHA 6aHKa,
EHeprumHaTa komnaHuma MupuHcka bructpuua e npuatmampa npes 2000 r., u Mpoyy-
BaHe M 106MBaHe Ha HeT M ras, eHepruMHa KOMMNaHMsA, KOSTO € NpMBaTM3UpaHa npes
2003 r. bbarapckoTo NpaBUTENCTBO € MHMLMMPAJIO Npe3 rnocaeaHuTe roauHuU HOBM
JIMLLEH3UOHHM CXeMM, KaTo YacT OT npoLeca 3a pa3paboTBaHe Ha NPOEKTH.

B reorpadcko oTHoweHue, bbvarapua pasnonara € NAHUHCKU TEPEHU, B KOM-
6MHaUMA C AONMHU U paBHMHKU. Tabamua 12 noKassBa XMAPOMETpHUATA Ha bbarapus.
CuyuTaMKkuM, Ye cpeaHaTa HaMOPCKA BMCOYMHA Ha bbarapus e 470 M U cpegHute
roAMLLHM Banexun ca 672 MM, He e M3HeHajBawo, Ye MMa noseve oT 526 peku B
bbarapma, KouTo ca no-Avarn ot 2.6 KM. BCUMUKK Te ce BAMBaAT B TPU OCHOBHM ba-
celHa: KopMTOTO Ha peka /JlyHaB, 6aceiHa Ha YepHo mMope, 1 6aceiHa Ha Erelcko
mMope. Hal-abarata peka e Mckbp ¢ 368 KM Ab/1KMHA M ce BAMBa B peka JyHaB. 06-
LLOTO FOAMLLHO PEYHO OTTMYaHE B CTpaHaTa, OT PEKU BbB BbTPELLIHOCTTA NO BpeEME
Ha HOpMasiHa rogmHa e npmbamsmntentHo 20.2x109 m3, goKaTo B cyXa rogMHa MOXKe
Aa gocturHe 9.3x109 m3 (LleHTbp 3a MHTErpuMpaHa permoHanHa oueHka, 2000 r).
06Lo roauHOTO NOTpebiIeHMe Ha BoAa B CTpaHaTa € npueamsmteniHo 10.6x109 m?3,
OT KoMTO 31 NpoueHTa Ce M3Mo/3BaT 3a HanosiBaHe, 16 % 3a nNUTeMHa M 3a 6UTOBM
HYXXaM, 19 % 3a XxMapoeneKkTpm4ecTso, 26 npoueHTa 3a YC/I0OBHO YMCTa BOAA 3a UKO-
HOMMKAaTa, U 8 3a ApYrn HyXau.

bbarapckoto nNpaBMUTENCTBO € NOCTaBU/l FONAM aKLEHT BbpXy Pa3BUTUETO Ha
BOAHWUTE pecypcu Ha CTpaHaTa B yCU/IMe Ja OrpaHMyM 3aBMCMMOCTTA OT BHOC Ha
Yy)KAM ropuBa. 3aKOHBT 3a eHeprmaTa M eHeprumHata edpeKkTMBHOCT oT 1999 uenn
NpMBaTU3MPAHETO Ha MPOM3BOACTBOTO Ha €HEeprud, BKJIYUTENHO M Ha BOAHOTO
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enekTpuyectBo. Karo usno, npmoamsmtenHo 63 mankm 1 mMukpo BEL-oBe ca no-
KasiM3npaHu B TepeHu, cobctBeHocT Ha HEK (HauuoHanHata enekTpuyecka Kom-
naHua), BCUYKKM OT KOMTO Ca 3a npumBatmsaums, a npe3 1998 r. MNbvpBute ycmnusa 3a
npuBatmM3aupaHe Ha 22 BELL 6sxa yBewaHu ¢ TpyaHocTu. lpe3 nocneaHuTe rogmHm
ce nosasmMxa TPYAHOCTH, 3a NO-ronAmara YyacT, OTMMHaxXa M cera ce nossmxa, 4e no-
Beye oT 63 ca 6uam onpeaeneHn 3a npusatmsauma go 2005 r. (4.Tadpos, 2001 r.).
bbarapckoTo npaBUTENCTBO € UHULMMPAJIO Npe3 NOC/e4HNUTE TOANUHU HOBMU NINLEH-
3MOHHM CXEMM, KaTo YacT OT npoueca 3a pa3paboTBaHe Ha NpoeKkTU. Kato gonba-
HeHMe, OLEeHKaTa 3a Bb3/IEMCTBUMETO BbPXY OKOJIHATA cpeja, ycTaHoBeHo oT MOCB,
paspaboTBalmTe NPOEKTU Ce 3aA4b/iKaBaT Aa crassaT c/ejHuTe pa3snopenou, Ko-
raTo pa3paboTBaT NPOEKTM B cpepaTa Ha TbproBCKaTa XMApoeHeprusa:

» 3aKOH 3a BoamTe./bprkaBaTa AMKTYBA TbproBCKOTO MPU/IOXKEHME Ha BCUY-
KM pPEeYHM KOpMTa B CTpaHaTa. 3aKOHbT MOHACTOALLIEM € B npouec ga 6bae
M3MEHEH 3a Ja oTroBaps Ha AupekTueute Ha EC;

» 3aKOH 3a KoHUuecuurte ANKTYBa M3NUCKBaHUATA U KPUTEPUNTE 3a I'IpM,D,O6MBa'
He MNMpaBO Ha MNoJi3BaHe Ha pe4YHUTE KOpUTa 3a TbProBCKHU LEIN;

» 3aKOH 3a eHepreTMkata U eHeprumHata ePeKTUBHOCT JIMKTYBa M3MCKBa-
HMATA 3a pa3peLlaBaHe 3a XMAPO0BEKTMTE, KOUTO LLE Ce NOA3BaT 3a ThbPros-
CKW EHEPrUMHMU LEeNU;

» 3aKOH 3a YCTPOMCTBO Ha TEPUTOPMATA BK/IOYBA pa3nopeadm 3a U3rpaxaa-
He Ha eIeKTPOCHA6AUTENHN MPEXKM.

MMa HAKOJIKO KOMMAHUM OT YAaCTHMA CEKTOP B Pa3BUTMETO Ha MaJIKU U MUKPO
BELl-oBe, KakBMTO ca EHepronpoekT, Xnapo 004, AMEK, 1 ESD bbarapus. lNoHexe
CTpaHaTa HAMa acouMaumsa Ha XAponpou3BoauTeNnTe, MMa HAKOJIKO OpraHM3aumm,
Cb34aAEHU Ha OOLLMHCKO HMBO, KOMTO Ca 3aMHTEPECOBAHMU B Pa3BUTMETO Ha CEKTO-
pa Ha Bb306HOBAEMUTE EHEPIrMMHM U3TOYHMLUM. OBLIMHCKMTE OpPraHM3aLMm, KaTo
MnoBAMBCKA €HEpPruMHa areHums, Kakto U PervoHaneH eHeprueH cekTtop Jloseu,
Pyce 1 XacKoBo ca caMO HAKOJIKO OT MMeHarTa.

MMa HAKONKO CbLIECTBYBALLM M NOTEHLUMAIHM MPOEKTU, 3a KOoMTOo AbprKaBaTa
MMa Beye paspaboTeHn MAeWHM/MbpBOHAYa/IHM MPOYYBAHUSA UM MPOYYBAHMSA 3a
OCbLLIECTBUMOCT, U TbPCU MHBECTUTOPU, KOMTO Aa Ce 3aeMaT C M3MbJIHEHMETO HA
Te3u NPoeKTU. MMalKu npeasma BCUYKO TOBA, CbLLECTBYBAT MHOIO 61aronpuUsTHM
Bb3MOXHOCTM 3a 6bJELLETO Pa3BMTUE Ha BOAHMA CEKTOp B bbarapus.

AKTyal'IHO CbCTOAHME Ha BOAHOEJIEKTPUYHECKUTE LEeHTPAJIU B B'bﬂrapMﬂ

MHCTanmpaHa MoLHOCT (Manka<30 MW) MMa Hag 62 mankn u cpegun BEL, B bbarapus.
KaTo gonbsHeHne nma 49 BEL, ¢ nponssoguten-
MHcTanupaHa MowHocT (cpegHa 30-100 MW) HOCT <2MWe.

MpoeKTM N0 Bpeme Ha CTPOUTENCTBO MMa HanpaBeHM MPOyYBaHMA 3a OCHLIECTBUMOCT

(Manak<30 MW) Ha MHOro 06eKTM no TeyeHuneTo Ha p. NcKbp M
p. CTpyMa 3a u3rpaxzaHe Ha manku BEL, Bb-
MpoeKTn No Bpeme Ha CTPOUTENICTBO NpeKu, 4ye BCe OLle He e 3anoyHano 6baeleTo

(cpep,Ha 30-100 MW) MM U3NMbJIHEHNE UJIN U3IPaxK[aHe.
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MoTeHuMan Ha XMApoeHepruMHUTE pecypcu

HannyHo HMBO Ha MHbOpMMpaHOCT 3agoBosmTenHo - Jobpo

HanuyeH nu e atnac Ha BOAHMTE HMBA Ha

Ja

cTpaHarta?

10,000 GWh, roamweH noteHuman ao 2020 r.

(NnpeaBuA: Manku, cpeiHu, ronemu BELL).
MU3umcneH noteHuman
212MW, TexHmn4yecku noteHuMan Mmkpo BELL-ose

(<2MW) go 2020 r.

He. Bbnpeku, ye gbplkaBaTa e M3Kasasia cTa-
HOBMLUE, Ye obuiata roguiiHa BoAHAa MHCTaU-
OnpegeneHa M e uenta? paHa MOLLHOCT MOXe Aa 6bae NpUOAUIUTENHO
10,000 GWh go 2020 r. lNoHacToALweM TS € Npu-
6nu3ntenHo 3,300 GWh (1999r).

UaeHTUdUKaLMA Ha 30HUTE/NPOEKTUTE C BUCOK NOTEHLMA/ HAa BO4HA eHeprus

OueHKa 3a noTeHuMana Ha MMKpo-BELl-oBe Ha
6b/IrapCKuUTE PEKM;

MpenopbUMTENHM CTPATErMUYECKM OLEHKM OueHka Ha HEO6XOAMMM YCMIMA 33 pexabu-
NnTaumA, HeobXoAMMM 3a HapacTBaHe MpPous-

BOAMTENHOCTTA U e(DEKTUBHOCTTA Ha CPeaHM,
Masiku 1 Mukpo BEL-oBe.

JonuHata Ha p. McKkbp . -. 155 MWe

NaeHTUdDUUMPaHU 30HU/ NPOEKTH JonnHata Ha p. CTpyma . -. 59 MWe

Pa3nnynm mectoHaxoxaeHma . N/A
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rnasa ll
COLI,MaJ'IHO-MKOHOMM‘-IeCI-{M yCHOBMﬂ B permoHunTe,
BK/IIO4EHU B NPOYHBAHETO

II.1. OrosanaaeH perMoH Ha PymbHUA

tOrosanagHua permoH Ha PymbHMsA, ¢ obwa naowy ot 29,212 KM? obxBalla 5 06-
nactu: Jonx, Ont, Bbava, MexegmHum 1 FoOpK 1 OTroBapsa Ha CcTapaTa MCTOpMYeCcKa
obnact OntenHus.

'paHnum ¢ bbarapua, Copoua mn t0xkHa MyHTeHUA, LleHTpanHa 1 3anagHa o6-
nact. lNpe3 2004 r. o6nact KOronstoyHa OnteHma nma Hacenenue 2,317,636 (koeTo
npeactasnasa 10.69% ot o6WO HaceseHNeTo Ha PyMbHMA) € rbCTOTa Noj, cpejHa-
Ta 3a cTpaHaTta (79.3 uT./Km?, B cpaBHeHne 90.9 xuT./KM?). Cencko-rpajacka-
Ta CTPYKTypa Ha HaceneHueTo e 52.8% cnpamo 47.2% (3a PyMbHMA 45.1% cnpAamo
54.9%), kato obnact OnT e c npeobnagaBawo cencko Hacenexnme (59.6%), Bvnua
(55%) v Topx (53.3%).

PenedbTt Ha obnactta € NpMOAU3UTENHO PaBHOMEPEH, BKJIOYBALY, MJIAHUHM,
AONIMHU, CKNOHOBE, NaaTta. B ceBepHaTa yacT Ha OnTeHusa, penedbT € NIaHUHCKK U
CKanuCT (3oHaTta Ha Kapnatute u cy6- Kapnature), ¢ npeobnagaBallm ropm M nacu-
Wwa. 30HaTa Ha paBHMHHOTO MOJIe € OCHOBHO CreLumManm3mMpaHa 3a oTr/ieXKaaHeTo Ha
3bpPHEHU XpaHU. XMAPOJIOXKKaTa CMCTeMa, OCHOBHO obpa3syBaHa OT pekmTte /lyHaB,
OnT 1 ¥Xuy, npaBm 06/1aCTTa C OCHOBHA €HepruMmHa pons B PymbHua (71.57% ot
06LLO XMAPOENEKTPUYECKOTO NPOM3BOACTBO).

JlokanHaTa Mpexa o6xsalla 40 rpaga, 11 ot KOUTO ca 06LWMHU U 408 KOMYHM,
KomTo o6xBawaT 2066 cena. Han-BaxkHuTe rpagose ca KparoBa (300.843 kutenn),
PbMHUKY Bbnya (111,980 xutenn), Apobeta TypHy CeBepuH (109,941 xutenm),
Topry-*Kuy (96,320 xkutenm) u CnatmuHa (81,342 xutenn). Tbi KaTo Kacae Masiku
rpagose (nog 20,000 XnTenun), MHOro OT TAX HAMAT aJleKBaTHa CTPYKTypa 1 pa3Bu-
The: BbHXy Mape, Abbynenu, CKopHMyely 1 ap.

Ma3apbT Ha Tpyda oTpas3sBa TeHAEHUMMUTE Ha HaLMOHA/IHO HMBO. 3aeTOTO Ha-
ceneHuve e pasnpegesieHo N0 MKOHOMMYECKM CEKTOPM, KaKTO clejBa: CE/ICKO M
FOPCKO CTOMAHCTBO (42.1%), npomMuwneHocT (26.9%) v ycnyru (31%). AHanmM3 Ha
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CTpaHaTa pa3kpuBa BUCOKM HMBA Ha XOpa 3aeTu B CE/ICKOTO CTOMAHCTBO B 06/1aCTH-
Te Ont (49.5%) 1 MexeanHum (48.4%), CEKTOPBT Ha YyCyruTte e no-4oope passBuT B
o6nactmte Bbaya (34.3%) n Adonx (33%).

MpouecrTe Ha MKOHOMMYECKO PECTPYKTYpMpaHe ca MPUYMHWMIM MUrpaumsa oOT
rPaACKMTE Cpear KbM CE/ICKUTE HacesleHM MecTa OT ro/iiM 6poi 6e3paboTHM Bb3-
PACTHM /ML, KbAETO Ce 3aHMMABaT CbC CEJICKO CTOMAHCTBO. F0NeMUAT AAN CENCKO
Hace/leHMe M rosiAMaTa YacT CEJICKM 3eMM, OCOBEHO B OXKHATa YacT Ha pervoHa,
NpaBAT CE/ICKOTO CTOMAHCTBO Npeo6/1aZaBall, CEKTOP B perMoHasiHaTa MKOHOMMKA.
Mo TO3M HauMH, HapacTBaLMs 6POM 3aETHU IMLA B CE/ICKOTO CTOMAHCTBO U HEFOBUTE
noapasaefieHus, B cieacTBue Ha pedopmMata 3a CO6CTBEHOCTTA, KAaKTO U NoJI3BaHe-
TO Ha OCTape/In TEXHOIOMMM, € A0BEJIO A0 BarKHO HamMa/isiBaHe Ha NPOAYKTUBHOCTTA
Ha CEKTopa, KaTo CTOMHOCTTA JaBa pe3y/NTaTu B peasiHu YC/I0BMA OCTaBallUM KaTo
LANO CbLUUTE, AOKATO Ce Haema paboTHa cuna.

CTpOMTENCTBOTO Ha 2 NaH-eBponenckM Kopuaopu (nbteH kopuaop IV u p. Ay-
HaB kopugop VIl), KoMTo npecuyaT obaacTTa, Ce 0YakBa Aa NOBULIAT permoHaIHUA
AOCTbN M Aa CTUMyAMpaT NPUBJMYAHETO HAa MHBECTMUMK, JOMNPUHACAHETO 3@ Mo-
f06pa MOBMTHOCT Ha Na3apa Ha Tpyaa. Hakpas, HO He Ha nociegHO MACTO, U3MbI-
HEHMETO Ha MPOEKTH LUEe HAJIOXM NOJ3BAHETO Ha YOBELLKUTE pecypcu Ha obnacTra.

Owe noseye, 3a ga ce NpuBJIEKAT YyXAN MHBECTULUUU, PYMBHUA € YyCTaHOBM-
Nla- CBO60JHM 30HM 3a AaHBYHM 0671EKYEHMA NO TeYEeHMETOo Ha peka JlyHaB, HO HUTO
efHa OT TAX He e pa3nosioxeHa B OnteHuA. Cnep nNocTposABaHETO Ha MOCTa Mpw
Kanadart - BuauH Hag AyHaBa, ce o4akBa, Yye Kanadart we oTroBOpM Ha YC/0BMATA,
Heo6XxoAMMM 3a MOJlyYaBaHe Ha CTaTyT Ha CBOGOJHA 30HA: KJI0YOBa TOYKa B MbT-
HUA, }KeNe30MbTHUA U CbLUO PpeYHMA MeXAyHapodeH TpaduK.

P&Bpa60TBaHeTO Ha Bb3MOXHOCTU 3a NpoyyBaHE U KanauMUTET B PpaMKMUTE Ha
yHMBepCMTeTCKMTe LeHTpoBE M NOJI3BAHETO Ha pe3yntTatmte B CEKTOpa Ha MCI,
moraTt da Cb3gajat yC/10BMA 3a Pa3BUTHUETO HaA 613HeC cpeaarta.

FOrO3ANAAEH PETMOH

MHAMKaTOpM 3a XapaKTepM3MpaHe Ha CTeneHTa Ha pasBuTue
M UKOHOMMYECKMU NoTeHuuan

- 2004-
O6nacTu
MHAMKATOPU | Pervon 7T wq [ oT | vL | PYMe
HaceseHue, 3aeTocT, 6e3paboTmua
Oé6uwo
rlacesierine 2,317,636 720,554 | 386,097 | 305,901 | 488,176 | 416,908 | 21,673,328
(abconoTHa
CTOMHOCT)
Mpaacko 47.2 | 53.0 | 46.7 | 48.3 | 40.4 | 45.0 | 54.9
HaceneHue (%)
Cencko 52.8 | 47.0 | 53.3 | 51.7 | 59.6 | 55.0 | 45.1
HaceneHue (%)
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Il.2. CeBepeH peruoH Ha bvarapus

YcnexbT Ha bbarapus B TpaHChOPMMpaHETO Ha CBOATA MKOHOMMKA OT LIEH-
TpaJIHO NMJ1aHMpaHEe KbM OCHOBAaBalLLA Ce Ha Ma3apa CMCTeMa OCTaBa HEM3MEPEH npes3
1991 r. be3 cbMHEHMEe, BCEKM CbCTAB Ha 6brapcKoTO MPaBMUTENICTBO Ce COMBC-
Ka C TO31 Npo6aeM, KaTo HenpeoaoMma 3agava. MoHexe HeroBmMTe OMHAHCOBU U
NPOM3BOACTBEHM PECYPCH Ca 6MAN HeeeKTUBHO pasnpeaenieHn OT MHOMO FrOAMHM
Hacam, MKOHOMMKaTa CNeLLHO Ce Hy)Kaaelle oT MalabHu pedopmu. MNponssoacTee-
HUAT CEKTOP 6€ HEKOHKYPEHTEH B CBETOBHWUTE Ma3apu, TEXHOIOMMYHO OCTapA, U
KOHCYMMpaLL, eHePrus U MaTepMasM B pasTouMTENHU pasmepu. CeNCKOCTONaHCKMAT
CEKTOp, HSIKOra 6M/1 HaM-NPOAYKTUBHMAT B MKOHOMMKaTa Ha bbarapus, e gereHe-
pvpan A0 TakaBa CTEMEH, Yye CTpaHaTa efBaMm YCMsA Ja HaxpaHW HaceNeHUETO CMH.
HOB TbproBCKM pEXMM C TPAAMUMOHHM NAapTHbOPM 61 MOrb/l Aa O6TErHe Beye Hu-
CKMSA TBbpA BaNyTeH pe3epB, KaTo OrpaHM4YaBa A0CTbMNa A0 CYPOBMHU M MOAEPHM
TEXHOJIOMMU. BBHLIHMAT M BbTPELLEH AB/IM Ca OFPOMHM, KOraTo peXXuMMbT Ha Togop
YKuBKOB nagHa. MHdNaumsaTa 6e ronsma, NpobiemMmTe C OKOJIHaTa Cpefia KECTOKM,
a KBaMUUMPAHUAT TPy HELOCTATbYEH.

HakonKo cakTopa 3aTpyAHsBAaT OCTOMHOCTABAHETO HA COLMAIMCTUYECKUTE
MKOHOMMKM OT KanuTasaucTMyeckata nepcnektmea. LeHuTe B coumanncTUyeckuTe
MKOHOMMKM MMaAT NPeAMMHO CcYeToBoAHA (bYHKUMA; Te He oTpassABaT B AEMCTBM-
TENHOCT NIMNCUTE U TbPCEHETO Ha AaZeH MPOAYKT, Taka KaTto € Mpu KanutaamM3ma.
OTTYK, CpaBHEHMATA Ha CTOMHOCTHWUTE MoKasaTesiM € TpyAaHo. KaTo AonbaHeHue,
HAKOM COLMAIMCTUYECKM CTaTMCTMKA MPOCTO Ca M3YMCAEHM NO Pas/IMyeH HauMH.
Hanpumep, coumanmcTMUYeCKMAT eKBUBAJIEHT Ha HaUMOHaNEH NPpUX0o Ce OTHaca Ao
HeTeH MaTtepuaneH npoayKT (HMI), M3KAYBAMKM CTOMHOCTTA Ha NOBEYETO YCYIH,
BKAIOYUTEIHO NPaBMTE/ICTBOTO, KOMTO HE Ca CBbP3aHU C (PM3MYECKO NPOM3BOACTBO.

ToyHaTa oueHKa Ha 6'bJ'IFapCKI/ITe NOJIUTUKN U U3MNDBJIHEHUMETO MM Cie] KO-
MYHUCTUYHECKNA pPEXMM € CbLLOo MHOIo TpyAaHa 3aloTo MMa HenbJIHKU, HETOYHM U
noAasexaawm CTaTUCTUKMU. HAKoM 3anagHM MKOHOMMCTM Ca HanpaBu/In YCUIUA Aa
n3non3sart 6asara AJaHHAN OT KOM6MHaLI,I/IFI oT 6bnrapCKaTa CTaTUCTHUKa, pa3/IMyHA
MKOHOMMYECKHU TBBPAEHNA, N CTATUCTUYHECKHU TEXHUKNA.

O6waTta paboTtHa cuna B bbarapmsa e 6mna 4.078 mmamroHa npes 1988 r. OT Tasm
o6wo, 35.9 npoueHTa, KracuduUUMpaHU KaTo MHAYCTPUASHM paboTHMumM, 19 % cen-
CKOCTOMaHCKM paboTHMumM, 1 18.9 % paboTtelum B cekTopa Ha ycayrute. pe3 1985 r.
OK0J10 56 % OT HacesieHHeTo e B paboTocnocobHa Bb3pacT (16 4o 59 roamHu 3a Mbke
M 16 8o 54 3a xeHu); 22.9 % ca HepaboToCnoco6HM, 1 21.1 % Ha NEHCMOHHA Bb3pacT.

Ha 1 aHyapu 2007 r. bbarapus Bnese B EBponeickua cbto3. ToBa foBese A0
He3abaBHa MeXAyHapoAHa TbproBCKa JiMbepanusaumsa, HO HAMALLE LUIOK B MKOHO-
MMKaTa. [paBMTENCTBOTO CTMra A0 roguLieH U3NMWbK oT Hag 3%. To3u daKT, 3aes-
HO C roaMwHMA pbCT Ha BBl ot Hag 5%, AoBeae Ha NPaBUTENCTBOTO 3a4/TbXKHANOCT
oT 22.8% ot BBI1 npe3 2006 r. ot 67.3% NeT roAMHU No-paHo. ToBa KOHTpacTMpa C
OrpOMEH HacTosAw, oTYeTeH AedrUMT. HUCKMTE MXBEHU CTOMHOCTU rapaHTMpaT Ha-
n4ymne Ha hoHZ0BE 3a MHBECTUUMA U NoTpebieHne. Hanpumep, 6yMbT B Na3apa Ha
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HeABUXXMMMUTE MMOTM 3anoyvHa okosio 2003 r. B cbuoTo Bpeme roguviiHata uHdNa-
LUMA B MKOHOMMKATA, KOATO Bapupalle U npes nocaegHute net roanHn (2003-2007
r.) CTUrHa 10 Ham-HMCKO 2.3% 1 HaM-BMCOKO A0 7.3%. Hal-BaxkHOTO e, Yye ToBa no-
CTaBA 3arjaxa 3a B/iM3aHe Ha cTpaHaTa B EBpo3oHaTa. bbarapckoto npaBUTENCTBO
Bb3HamMepsBa EBpoTo aa 3ameHu nesa npe3 2010 r. Obaye, ekcnepTu npeasm»Kaar,
ye ToBa MOXKe Jla cTaHe HaM-paHo npe3 2012 r. OT noAnTUYECKa Fieaa ToYKa, Cb-
WeCcTByBa KOOpAMHALMA MeXAY MKOHOMMYECKMA pacTeX Ha bbarapua u ctabun-
HOCTTa, HEO6XOAMMM 3a PaHHOTO NPUCHEAUHSABAHE KbM €/lJMHHATA eBPONeMcKa Ba-
nyTa. lNokynartenHata CNOCOGHOCT Ha raaBa OT HacesieHUeTo B bbarapmsa e Bce oule
OKOJI0 e/lHa TpeTa OT cpeAHaTa eBponencka EU25, aokaTto HOMMHaANHMAT BBl Ha
r/laBa OT HacesieHUeTo e okoJo 13% oT cpeaHus eBponenckm EU25.

MOCTOAHHMAT aKUEeHT Ha bbarapma Bbpxy pa3BUTUETO Ha TEXKaTa NpoMuLLIe-
HOCT Ha BCSIKa LeHa JoBeje A0 TbpCeHe Ha CYPOBMHM, MHOIO NO-rosIAMO, OTKOJIKO-
TO Te31, C KOMTO CTpaHaTa pa3noaara HaJIM4HU pecypcu. To3m npobiem ce 3acmnm
M OT HeeEKTUBHOTO NOI3BaHE Ha eHepruaTa 1 CypoBMHUTE: bbarapusa e nonseana
noBeye eHepruva Ha eguHMUA NPOU3BOAMTEN B CPaBHEHME C BCAKA Apyra 3anajHo
eBponencka MKOHOMMKA. o Tasm NpuYMHaA, €UH OT HaM-XapaKTEPHUTE acNeKTH Ha
6baArapckara ciegBoeHHa MKOHOMMKa 6e ornopaTta BbpXy CYPOBMHUTE, BHACAHU OT
omBLIMA CbBETCKMU CbO3.

OcBeH 3aMbpCSABAHETO, MPUUYMHEHO OT FOPEHETO Ha BbI/IMLIA B AOMALLHMU YC-
nosus, okoso 1,500 MeraBaTa OT KanaumTteTa A06UT OT TepmoeHeprma B bbarapus
e 6UN Heonos30TBOPEH npe3 KbCHMUTe 1980 r., 3apaau HeAOCTATbYHOTO JOCTaBA-
He Ha rop1BO MM aBapuM B o6opyaBaHeTo. OKOJI0 NoJioBMHATa OT KanauuteTa Ha
MECTHMTE TOMJIO U e/IEKTPOLIEHTPa/IM Ca pa3yMTau Ha Ao6aBKa OT roJIieMUTE efleK-
TPOLEHTPaMN M NpeAoCTaBsALM TOMIMHA 3a NPOMMLLIEHOCTTA M 32 6UTOBU HYXKAM,
KOWUTO He Ca 6M/IM HAJIMYHM MO ChLUUTE NMPUYMHM.

B paHHuTe 90 roamHm Ha 20 B., 6bIrapCKMTE EHEPrUMHU NJTAHOBULM Ce COTbC-
Kaxa CbC cepuo3Ha aunema. Bbe BEL, Mapuua M3ToK-1, Mapuua -U3TOK-2 1 Anmo
[IMMYEB, PasnoJIOKEHU B KAMEHOBbBI/IEH 6acerH Mapuua M3ToK-, AbArocpoyHuTe
nnaHoBe npu3oBaxa 3a MNOCTENEHHOTO M3MECTBAHE Ha OCTapAN0TO 0bopyaBaHe B
cbliecTByBalmMTE LeHTpaiM. Ho noBe4vyeTo OT Te3M NpoeKTM 3aKbCcHAxXa npe3 1990
r. PewenueTo ot 1990 r. ga He 6bAE 3aBbPLUEH CTPOEXKa Ha ATOMHaTa LeHTpana B
BeneH 3Hauelle, Ye ce AaBa rosiAsma HajlexJa Ha KaMeHoBbIIeHWs 6acerH Mapuua
M3TOK 3a AobmBaHe Ha Tono M1 en. eHeprua. Mpe3 1990 r. ot Tam ce gobusawe 70
% OT Bbr/AmLiaTa Ha CTpaHaTta, U HerosuTe Tpu 6710Ka gonpuHecoxa c 25 % ot obLo
npousBegeHaTa e/1eKTpoeHeprus.

[MpOMMULLNEHUAT eNeKTpUYeCcKu KoMmnaekc Mapumua UN3ToK (CbC cBoUTE Npeanpu-
ATMA B MALLUMHOCTPOEHETO M PEMOHTHUTE EMHOCTM € eAMH OT HaMU-FoJIEMUTE WH-
AycTpuanHu ueHTpose B bbarapua, gasaw, noMMHBbK Ha 22,000 gywm npes 1991r.)
dyHKumoHnpa ot 1951 r.; go 1991 KonmM4yecTBata Ha HErOBUTE BbIAMLLA U HAAEXA-
HOCTTa Ha HeroBaTa MHPACTPYKTYpa Ce€ NOHUKM CUAHO. HO B Tasn KpUTUYHA TOYKA
OT HauMOHa/IHaTa MKOHOMMKA, cpeacTBaTa 6sxa He4OoCTaTbyHM 3a KanmMTanoBM MH-
BECTULMM, OCOOEHO 3a 3aKyNyBaHe Ha YyXKAeCTpaHHM TEXHOI0MMMU. B cbLoTO Bpeme
MHAYCTPUANIHUTE OpraHu Npu3Haxa, U3rapAaHeTo Ha Bbr/ima C BUCOKO CbAbpXKaHUE
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Ha cApa M OTKPUTMA PYAHMK B Mapuua M3TOK 3a CEPUO3EH EKONOTMYEH MPOGIEM,
CMpaBAHETO C KOMTO LLie CTPyBa NOHE MUIMAPAM JIeBOBE, 0COGEHO B TBbP/a BasyTa.

[obMBaHETO Ha XMAPOEHeprmMa e Mo CbCpeloTOYeHO B torosanagHa bba-
rapusa, HO MaJIKO Ca peKkuTe, KOUTO npeanarat LWMPOKO-MallabeH XuapoeHeprueH
noTeHuMan. Ham-roneMmaT BOAHOENEKTPUYECKM NPOEKT 3a JeBeTus neT-rogmilieH
nnaH (1986-90r.) e 3aBbplUBaHETO Ha UeHTpanaTa Yaupa, KoAaTo we aobasu 864
MerasaTa goouT KanauuteT. PasButmeTo Ha MecTHU BELL-oBe B Mankun pekun e 6mno
npuopuTeT npes3 roauHute 1990 r.
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Mnasa lll
OnmcaHme Ha pel-(MTe U BOOHHNUTE T€4YEeHMNA B 30HATA Ha
Npoy4BaHETO

lll.1. Pe4yHn notoum B o6nact Jonx

1.1.1. Xuy

BaceMHbT Ha peka XUy cbabprka 275 peku ¢ naoly no-ronsama ot 10 km2, 14
e3epa 1 12 as3oBupa ¢ naou Haa 50 ha. Peka Xuy e eaHa oT Hau- BaXKHUTE peKM, Te-
YalwmM Ha TepuTopuATa Ha PyMbHMA. HelHaTa Ab/kMHa € 339 KM U HEMHUTE U3BOpM
ca pa3noJioXKeHu B toXKHMTe Kapnatu. TA e o6pa3yBaHa OT C/IMBAaHETO Ha 2 OCHOBHM
NPUTOKA, U3BMPALLM HA HaAMOPCKa BMCOYMHA oT okono 1,500 m: 3anageH Kuy, ¢
n3Bopu oT lnaHuHMTe PeTesart, M3To4YeH XKuy, C U3BOPU OT IOXKHUTE CKJIOHOBE Ha
MnannHaTta CypuaHy. Harope no teyeHmMeTo ce noABABAT AOJIMHMU, TUMUYHU TECHMU
M AbN6OKM, C bopmaTa Ha bykBaTa V, MNCBAT rosieMM peYyHU G6acemHu, C peyeH
MaTepuan C roieMum pasmepu (KambyeTa, Yakbia U ap.).
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BaceMHbT Ha peka Kuy MMa pedHa mpexa ¢ rbctoTa 0.38 KM/KM2, M cpejieH
roavweH aebut e 92 m3/s. 3oHaTa Ha pe3epBoapa € pas3noJIoXKeHa B loXKHaTa YacT
Ha PyMbHUA, nokpuealy, naow, ot 10,080 kM2, ot Kouto 37.5% (3777 KM2) e 3aeTa
OT ropu. TAa nNpecuya Han-cTapaTa M BaykHa 30Ha Ha OTBOPEHM PYAHMLUM B CTpaHaTa
(6acenHbT Ha MeTpowaHu). Teye B NOCOKa HOr, M MMHABA NPE3 BUCOKU XbJIMOBE, U
cnej BIMBAHETO HAa OCHOBHMAT M MPUTOK MOTpY, KOMTO Npecuya BTOpMA Mo BarKHOCT
OTKPUT PYJAHMK B CTpaHaTa- 6aceMHbT Ha MoTpy ce B/iMBa B peKa JlyHaB. CpeaHaTa
YyacT Ha 6aceMHa Ha peKa XXMy e Cbllo MHOro Ba)XHa 30Ha, M3BECTHa C A06UBaAHE
Ha HedT. Cnep cavBaHeTo € peKka MoTpy, KWy ce cnycka Hagony owe 78 M, npeau
Aa goctmrHe [yHaBa. ToBa No3BoJisiBa Ha peKaTa Aa o6pa3yBa LUMPOKM OTKJIOHEHMSA
WU TECHM 3aBOM, MAJIKM OCTPOBYETA, KOMTO pasaensaT pe4yHOTO KOpUTO.

Cnep KpanoBa Hagony no teyeHueTo, 6peroBete Ha peka uy ca dparmen-
TUpPaHM OT NPOJIOMU, 0BpasyBaHU OT BPEMEHHMU MNAaBaTe/IHU KaHa/IM, KOUTO HE MO-
rat ga 6baaT OTHECEHM KaTo nNpuTouM. TO3M perMoH ce xapakTepusmpa CbLio TaKa
OT M300MUNIHU TEYEHMA MO U3TOYHUTE CKIOHOBE (KaTo Hanpumep B XXMOpPOK, MypTa,
Jlobpell), KoMTo ce non3eBat 6e3 cneumasH1 AeMHOCTM, NopaaM NOCTOAHCTBOTO MM
1 obema. OT agscHaTa CcTpaHa, B p. X1y ce BamBaT 31 NpMTOKa, KaTo HaM-BayKHUTE
ca TucMaHa, Xunt, Motpy u PacHuk. OT nsBo ce BMBaT, 21 NpUTOKa, KaTo HaM-Ba-
JHUTe ca: n3toveH Kuy, Cacay, YvosaHa, Kunopt, AMapaHaus. bacelMHbT Ha peka
Kny nma 69 esepa u prbapHuKa, 14 0T KOMTO ca no-wMpoku ot 0.5 kM2, MoBeyeTo
Ca pasrnosioXKeHM BbB BogoxpaHuaMwaTta Ha peka JyHas. EcTecTBeHuTe e3epa BbB
BOAOXpaHMMWaTta Ha JlyHaB ca reHeTUYeCKM pasHoobpasHM, hOpMMPaHU 3aeHOo C
xuaporeorpadckata Mpexa U ca 6mMM 06eKT Ha epo3na M paspyLLleHUA OT BATbpa M
nacbumTe. BxogAwara Boga oT Te3M e3epa 3aBUCK OT XMAPOJOrMYHUA PEXMM Ha P.
JlyHaB 1 OoT xuapo-reorpadckute ycnosua. MNpumkaaHeTo Ha BogUTE ocUrypsBea 3a-
Mb/IBAaHETO U NOAABPXKAHETO Ha TE3U AENpecrm, KOMTO HAMAT CBOM COBCTBEHM BOAHM
pecypcu. bnarogapeHue Ha 61M30CTTa 40 NOBBbPXHOCTTA Ha nognoyseHmTe soam (0-2
M), BoZaTa MOXe Jia ce nojabpika B e3epaTa. KakTo 3anb/iBaHETO Ha e3epara, Taka
CbLLo M HPOPMMUPAHETO Ha BperoBeTe 3aBMCU OT MPOAB/IKUTENIHOCTTA HA MaKCUMan-
HUTe HMBa Ha p. JyHaB. HAaKou oT e3epaTta cTaHaxa NnpupoaHn pesepsaTtu: banta Jlata
(60 ha), AgyHbumm e M'eopmaHe (102 ha), komnnekca lMpaxk6a- Gakan (28 ha), banta
Ynnunenu (47 ha), Monene (3.2 ha), Kapayna (28 ha) 1 banta Harps (1.2 ha).

Perynaummrte 3acarat 59 peku, a 6eHToBeTe 32 A30BMpa, KOETO BOAM A0 MOAM-
drKauum B TEYEHMETO Ha pPEKUTE, MPOMEHU Ha XMAPABANYHUTE XapaKTEPUCTUKM U
NpeKbCBaHMUS MO NPOABL/IKMTENHOCTTA Ha 6peroeaTta mBuMuUa. B 6acerHa Ha p. HKuy,
obLiaTa Ab/IKMHA Ha 6eHToBeTe e 835 KM, a obwarta Ab/KMHA Ha perynauymmte e
478 kM. Camarta p. Kny nma 6eHToBe C Ab/IKMHA OT 234 KM (69%). Mma 6eHTOoBe Ha
ApyHua (54%), 3anageH XKuy (42%), N3todeH Kuy (45 %), Mepeuen (83%). beHTo-
BeTe B Apyrmte pekn gocturat go 30% AbaxkuHaTa Ha pekute. CTeneHTa Ha UHTep-
BEHUMA NO TeYyeHMeTo Ha pekute e 15.3%.

B baceliHa Ha p. KWy MMa cefieM pa3K/IOHEHMSA, U3MbJIHEHWU B FOPHUTE TEYEHMSA Ha
BOJHMTE KaHa/IM. BogaTa ce npexBbp/isi KAKTO B 30HaTa Ha Cblums 6acerH (MoTpy - Tuc-
MaHa; 3anageH Kuy - Bansa ae Melpy), Kakto 1 Mexay 6acemHuTte: YepHa - 6acerHa Ha
Kuy (YepHa- MopTy) mam 6acerHmTe Ha Kuy u Ont (Kuert - Jlotpy; Fan6eH - Ontew).
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MHCTanupaHUAT 06eM Ha Te3M OTKJIOHEHMA € 79.1 m3/s., OTK/IIOHEeHMATa ca
Cb34aAEHM 3a XMAPOENEKTPUYECKU LESIN, C U3KIIOUYEHNE HA OTKIOHEHMETO 3anajeH
Kuy - Bana ge lNew, KoeTo e HanpaBeHoO C Len Ja A0CTaBA BOAA Ha XUTenauTte oT
AoNMHaTa Ha peKa XKuy. lNocneaHOTO OTK/IOHEHME € Haj, 3EMHOTO HMBO.
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MMa HAKOJIKO MOCTOAHHM A30BMPHU BOAOXPaHUNIULLA:

» BogoxpaHmnuiweTto Bana ge MNewn. beHTbT 3aabpika 4.2 mil m3 ot Bogarta B
HMBO Ha HOPMaJIHO 3aabpKaHe Ha Boga (HH3). O6wmat o6em Ha e3epoTo e
5.4 mil m3. MNokpumea nnow ot 0.24 KM?2, U MMa MaKCMMaNHa Ab/IGOYMHA 56
M. M3rpaZeH e C uen BoAoCHabaABaHe U Aa ce M36AreaT HaBOAHEHMUS.

» Bogoxpanmamuweto Ha Bagenu + Topry Kuy. beHTbT 3agbprka 1.8 mil m? ot
BogaTa B HH3. O6wmaT 06em Ha e3epoTo e 3.8 mil m3. MMoKpuea naow ot
1.07 km?%, 1 ma npmMbamsmnTenHa Abnbo4vmrHa oT 21.5 m. U3rpageH e c uen
NPOM3BOACTBO Ha €/1IEKTPOEHEepPrua 1 3a Aa ce u3bArsat HaBOAHEHUA.

» BogoxpaHmamuieTto Ha TypyeHM. beHTbT 3aabprKa 7.4 mil m® oT BogaTta B
HH3. O6wmat obem Ha e3zepoto e 3.3 mil m3. MNMokpmea nsow ot 1.5 km?.
MU3rpaaeH e c uen NnpomMsBOACTBO Ha e/IeKTPOeHeprusa, BOA4OCHabAaBaHe U 3a
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a ce u3barsaT HaBOAHEHMA.

» BogoxpaHmnuuweto Ha UcanHmua. beHTHT 3agbpxka 2.5 mmaoHa m3 NRL.
Mon3saemMuAT 06em Ha e3epoTo € 1.4 mua. m3. M3rpageH e C uen BoAoCHab-
AABaHe Ha Npou3BOACTBEHUTE €AUHULM.

lll.2. Pe4yHn notoumu B 06,1aCcT MOHTAHAa

1.2.1. J/lom

Pekata fo6uBa CBOETO HaMMEHOBaHME
oT cBouTe nputoum benn n Yepuun Jlom, teva-
WM 3aeHo. Teye B ceBepoM3TOYHATa YacT Ha ,
bvarapua npes o6nactute Tbprosuile, Pas-
rpag u Pyce u ce BauBa B peka [yHaB Kpa
rpaa Pyce. HelHaTta absixkuHa e 197 KM, a 6a-
cerHbT U € 2 947 kB.kM. OCHOBHMAT M roam-
LieH BoZeH Aebut e 222 x 106 Ky6.m. U 117 x|

106 Ky6.M. B cyxa roamHa (75%). i r .

1.2.2. Qubpuya

"\ Pasreapcku )
N BUCOWMU g3 |

LUubprua e peka B 3anagHata JyHaBCKa paBHMHa B CeBepHaTa 4acT Ha bba-
rapuMa U e geceH NpMToK Ha peka JyHas. Pekata npom3Ttmya oT 30HaTa Ha LLnpoka
nnaHuHa (,,Wide Mountain®) Ha lMpea-6ankaHa 61130 A0 CpbOCKaTa rpaHuLUa B Mo-
COKa CEeBEepOM3TOK MO AuaroHan Ha o6s1act MoHTaHa. M3To4yHO oT ceno Jonuun Ln-
6bp B 06WMHA Bbnueapuvm, Teye KbM peka JyHas.

Peka LiM6puua MMa abmkmHa OT 87.5 KM M oTBOAHMTENEH 6acenH oT 933.6 KB.
KM. B UrHatoBo, 621130 40 ycTHeTOo Ha LUMbpuua cpeaHUAT AeouUT e oT 2 Ky6. M/ CeK.
BoauTte Ha pekarta ce M3noa3Bar 3a HanosiBaHe. HUCKoTo nnato mexay Lmbpuua Ha
3anag v Orocra Ha M3TOK € M3BECTHO KaTo 31aTuA M e NA0A0POAHA CEe/ICKOCTOMaH-
CKa 30Ha.

B apeBHM PUMCKM BpeMeHa, pekaTa e 6una n3BectHa kato Ciabrus a paMoHbT
e 61N HaceneH OT TPAKMMCKMU NaeMeHa HapeyeHn Tpubanu.

lll.3. PeyHu notoumn B o6nacTt Bpaua

Peka OrocTa e ¢ Han-rosisma oTBoAHMTEIHA cMcTema B CeBepo3anagHa bbara-
puA. B cBos BoAeH 6acenH T4 BK/oYBa noseye ot 40 npuTtoKa. Peka OrocTa e gbira
141 km, 3aemawia nsouw ot noseye ot 3,110 km?, cbc cpeaHa HagMOPCKa BUCOYMHA
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of 395 m, cpeaeH peyeH HaknoH oT 11.4%., cpeAHa rbCToTa Ha peyHaTa cMcTemMa
0.73 km/km?, u 3anecexun naowm 37%. Han-roneMmsaT u NnpmMToK e peka CKaT, KoSTo
e abara 134 km, c nnow, okono 1,074 km?, cpegHa HaaMopcKa Buco4ymHa 200 m,
3a51eceHun naowm 6%, cpeaeH pedeH HakIoH 2.8%0, U cpegHa rbCToTa Ha peyHaTta
mpea 0.27 km/km?.

MpoM3BOACTBEHMAT KanaumMTeT Ha TaKMBA NMPOMMLLJIEHU CEKTOPM, KaTo MMH-
HOAOGMBHATA, XMMMYECKaTa NMPOMMLLJIEHOCT, XpaHUTE/IHO-BKyCOBaTa M CEJICKOTO
CTOMaHCTBO, Ca Bpeau/iM Ha npupozaTa npeauMmHo npes3 70-Te roauHu Ha 20 B.
1o M cnea NUKBUAMPAHETO HAa MMHUTE, FONIAIM AA/1 HA NpeanpUATUATA-3aMbpPCH-
Tenu npe3 1990 r. He e peanusMpaHa rosisMa edmKacHa NMosIMTMKa 3a OKOJIHATa
cpefa. bbaeleto pasBuMTHE Ha ceBepo3anagHMs MKOHOMMYECKM PErMOH, KOMTO €
HaM-CNabo pasBMTUAT CbIIACHO M3MCKBaHMATA Ha EC 3a M3nbiHeHMe n edmKacHa
€KOJIOrMYHa NoIMTUKa. [0 MOMEHTA NMPOYYBaHMUATA Ca KOHLEHTPMPaHM B € AUHMYHM
4acTM, OTHACSALLM Ce 0 OTAE/IHM KOMMOHEHTH. 3a Ta3u Len € Heo6XoaUMOo M3MbJI-
HEHMETO Ha Le/IeHacoYeHM OLIEHKM 3a OKo/HaTa cpeda. Llenta Ha ToBa npoyyBaHe
e [la C€ OPMEHTMPA KbM OCHOBHM M M3YepnaTesiHM OLEHKM 32 €KOJIOrMYHMSA TOBap
Ha TepMTOpUsTa, BbPXY KOSITO Ce NpaBu NPoyYBaHeTo.

Pa3paboTKkaTa ce oCHOBaBa Ha TEOPETUYHM U METOANYHM NPUHLMMIN HA CUCTe-
MUTE 3a aHa/IM3 Ha OCHOBHMTE KOMMOHEHTM Ha Mpuvpojata M TeXHOreHeTMyHara
OKOJIHA cpeja U TeXHMTE pelleHMA B CbOTBETCTBME CbC 3aKOHOAATEJICTBOTO Ha
bbarapma v Ha EC.

Peka OrocTta cbc cBomTe Haa 40 npmMToKa obpa3yBa Aobpe pa3BMTa peyHa Mpe-
¥a, NpMHaanexalla KbM paroH Ha /JlyHaBCKMTE OTTOYHM BoAaM Ha CeBepHa bbn-
rapusa. Hal-cMnIHOTO peyHo TeuyeHMe ce XapakTepusmpa CbC 30Ha Ha HaAMOpPCKa
BMCOYMHA Hag 1,600 M, kbaeTo 85-90% oT AbxaoBeTe ce TpaHCopMMpaT B peyeH
NOTOK; B 30HM C HagMOPCKa BMcoYMHa oT 600-1600 M To3mn npoueHT e okosao 40%
cpeaHo; B 30HM ¢ 300-600 M - 25%, M B paBHMHHO -XbJIMUCTM YaCcTU Ha 6acerHa Ha
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peka OrocTta U HeMHUTE npuToumM - camo 10-12%. B KapcToBaTa 06/1aCT BCUYKM KO-
IM4eCcTBa BasieXu ca TpaHCopMMUpaHM B NoL43eMHU BOAM. PasrpaHunyaBar ce 4yeTu-
p1 30HM B 6aceirHa Ha peka Orocta, B 3aBUCMMOCT OT CTEMeHTa Ha M306MTHOCT Ha
BOZaTa, T.e. Ko/iMyecTBata BOAHU pecypcu:

» CunHo uzobuacTeal, - TepeHn Hag 1,400 M HaAMOpPCKa BMCOYMHA, CbC Cpe-
AEH roauweH nNoToK Haasuwasal, 800 MMm;

» 3HAYMTE/IHO M30OMICTBALL- CbC CpeAeH roauilleH Tedal noTtoKk mexay 300
MM 1 800 MM M HaAMOPCKa BMCOYMHA Hag 600 m;

» YMepeHa BOAOHOCMMOCT - CbC CPeleH rogmLleH Tevall NoToK Mexay 60 Mm
1 300 MM 1 HaZAMOPCKa BUCOYMHA Hag 150 Mm;

» Cnaba BOAOHOCMMOCT - CbC CpeAeH rogmLLeH Tevally NoToKk mexay 15 Mm ur
300 MM M HaAMOPCKa BMCO4YMHA 40 150 M.

N306MNMETO Ha BoaMTE B 6acerHa ce NpomMeHs oT 1.8 MbTU Haja CpeaHOoTOo A0
6,130 2 NbTU NOA CPEAHOTO HMBO B 3aBMCMMOCT TOBa Ja/iM rogmMHata € gobpa uam
cyxa. Pa3snpegenaHeto Ha BoguTe Ha peka Orocta no /JlyHaBCKaTa paBHMHA rnpes
MeceuuTe CTaBa Mo CAeAHUA HAuMH: B rpag Mmnsma MakcMMyma e npes Mecel, Mam-
49.60 M3/s U MMHUMYMa npe3 aBrycT - 2.13 M3/s; peka CKat B cesio HUBAHMH- MaK-
CUMYMDBT e npe3 MapT ot 2.02 M3/s, a MUHUMYMDBT Npe3 aBrycT oTHOBO ¢ 0.24 M3/s.
AnnunckuTe nputoum Ha Orocta ce XxapakTepusupaTt C ABa NMOTOYHM MAKCMMyMa
npe3 Mal-1oHM 1 CbOTBETHM ABAa MUHMMYMA CenTtemBpu - OKTOMBpMU.

PeyHuTe pa3niMBM Cb3gaBaTt eKolorMyeH AMcKoMdpopT. MmMa naeHTuduumpaHm
mexay 3 1 7 cnyyasa Ha peyHu pasaumBa 3a rogmHa. Cnopea 6posa Ha HaBogHEHMATA
Ha rogmMHa Morat ga ce naeHTMduuMpar Kato: noyTu 6e3 HaBoOAHEHUA - CbC Cpea-
Ha 4YeCToTa Ha HaBOAHEHWAT A0 TpU cay4vas (Masku peku B JlyHaBCKaTa paBHMHA
nog 300 M HaAMOpPCKa BUCOYMHA); C HAKOJIKO HAaBOAHEHMA - A0 6 cayyas (4Oo/HUTE
TeYeHuss Ha peka Orocta M HEMHWUTE NpUTOLM B JlyHaBCKaTa paBHMHA) U YMEPEHM
HaBOAHEHMA - 6-7 cyvana (FOpPHOTO TeyeHue Ha peka OrocTa).

CpefHuTe roaMlHM TemnepaTypuM Ha peyHWTe BOAM Bapupa KaKTo cjejBa:
peka bepkosuua B rpag bepkosuua 8.8°C; peka boTtyHa BbB Bbpuwey 7.7°C, 1 B
ceno CroaHoBo - 9.4°C; peka Abvarogencka Orocta B ceso osexga 8.1°C; peka
Ynnposcka OrocTa B rpag Yvnposum 7.5°C; peka Orocta B ceno MaptnHoso 8.1°C,
B ceno Kobmnsk - 11.1°C, u B rpag Musua - 12.1°C

KayecTtBOTO Ha BogaTta Ha peka OrocTta ce xapakTepusupa C XMMMYECKU CbC-
TaBKKU, MOBAMAHU CMUAHO OT MPUPOAHUTE M aHTponoreHHuTe dakTopu. Boamte B
6aceiHa Ha peka OrocTa ce oTHacAT No OTHoWeHMe Ha obpasysaHe Ha CO,: BoguTe
Ha pekuTte OrocTta M CKaT B paBHMHHWUTE YacTU € BbIr1IepPOJeH ANOKCUA-KaNLUMM-Ha-
TPUIM Ca BOAUTE B U3BOPHMTE YAacTM Ha peka Orocta (MapTMHOBCKa, YmnpoBcKa M
Avnrogencka Orocta). OcHoBaTa Ha COJIEHOCT Ha BoaguTe Ha pekuTe B [lyHaBCKaTta
paBHMHA e okono 300-400 mg/dm?3, KaTo HagMopcCKaTa BMCOYMHA B €AMHUYHUTE
YacTU Ha 6aceMHa ce noKa4ysa M Bapupa mexay 500 1 1,000 mg/dm?3. OTKIOHEHMS
OT CTOMHOCTUTE Ha OCHOBATa Ha COJIEHOCT Ca 3abesifA3aHM BbB BCUYKM AaHTPOMOreH-
HO 3aMbpceHM 30HU. Jo 1990 r. BoamTe ca GMIM HaMb/IHO 3aMbPCEHM C OT/IOXKEHM
BellecTBa B MecTaTa 3a U3XBbpJ/ifHE Ha OTrNagHM BOAM OT 3aBOAMTE 3a pPyAOL06MB



OnucaHue Ha pekume U BOOHUMe MeYeHUS 8 30HamMa Ha NPoy4Y8aHemo 107

B MapTuHOBO 1 3aBoaa CeaMOYMCNEeHUUMN B 3ropurpaj ca ce M3XBbpasaau B ABeTe
peku MapTuHoBCKa U BapTewHuua. Konnyectsata Ha Te3u BewecTBa pa3TBOPEHMU
B KOHTEMHep e 6mno 1,498,000 kg/aeH u 1,204,000 kg/aeH cboTBeTHO. MoHacTos-
LeM camo 3aBoZa B 3ropurpag paboTtu, HO KOJIMYECTBOTO Ha OT/IOXKEHU BeLLecTBa,
M3XBBPJIEHU B KOHTEMHEPU HE € 0651BeHO. /lpyru ronemm 3ambpemtenm 1o 1990 r.
ca: Uenyao3HMAT 3aBOj B rpag Mumsua (M3XBbpAsL, OT/JI0XKEHM YacTMUM BbB BOAM-
Te Ha peka Ckar, KonuyectBo oT 28,154 kg/ieH), XMMUYHMTE 3aBOAM Kpai Bpaua
(3aegHo ¢ gpyrv 38 MasKu npeanpuATUA,YMeTO KOJIMYECTBO OT/IONKEHM YaCTMLM
Bb3/M3a Ha 13.163 kg/AeH) U UMMEHTOBUA 3aBOj B ceno benn u3Bop (M3XBbpAALY
OT/I0OXKEHM YacTMUM BbB BOAMTE Ha peka boTyHmsa KoamyectsoTo oT 6,050 kg/aeH).
Cnopea gaHHM Ha LlayeB (1973r ) KOIMYECTBOTO OTNOXKEHU YaCcTULM, U3XBDBPJIEHU B
6acerHa Ha peKka OrocTa ot noseye ot 110 npeanpuATUA, 3aBOAU, MUHU U PYAHM-
UM Hagsuwasawm 2,779,843 kg/aeH. CblMAT aBTOP M3C/1eABa 3aMbpPCsBAHETO Ha
BoAMTEe B 6aceMHa Ha peka OrocTa c oTnajHu BoAM OT 6MTOBMU M3TOYHMUM. [pajo-
BeTe MoHTaHa, bepKkoBuua, Bbpuweul, Bpaua, bana CnatuHa n Mu3una ca o6saBeH 3a
HaW-roleMu 3ambpcuTenn. KonMYecTBoTO Ha OT/IOKEHM YacTULUM, M3XBbPJIEHU B
pekuTe TaM Haaxebpnsa 2 1/ aeH. Cnea 1990 r. KaTo HaM-3amMbpCceHa YacT e obsBe-
Ha 30HaTa Mexay rpagosete MoHTaHa 1 bepkoBuua, a CM/IHO HaMasieHO € BOAHOTO
3amMbpcsABaHe B ocTaHasMTe vyactu. Cnopej MexayHapoaHU KpUTEpUM CTeNeHTa Ha
3aMbpcsBaHe Ha BoauMTe B 6aceiHa Ha peka OrocTa HaBim3a B |, Il u IV kKaTeropumu.

KapcToBaTta nog3emMHa BoAa € MHOrro BaxkHa 3a Ha/IM4YMeTo Ha C/laKOBOAHM M3-
TOYHMUM. Hal-ronemmre KapcToBM M3BOPU B pEFMOHA C€ HAaMMpaT B C/IeJHUTE Hace-
NeHu Mecta: MoHTaHa (600 dm3/s), Kobunsak (900 dm3/s), beam nssop (600 dm?3/s),
Bpaua (1,550 dm?3/s), MaBonye (2,000 dm3/s) n Jllotagxuk (12,500 dm3/s).

"OMa?tinovo

MuHepanHuTe BOAHM M3TOYHMUM BbB Bbpluel, CbC CBOETO CbAbpXKaHME Ha
a30THa rpyna, BUCOKO CbAbp}KaHMe Ha pagoH v Temnepatypa ot 38°C ro npasAT



108 lMpoy4ysaHe 3a 8b3MOXXHOCMMA 3a u3zpaxkdaHe Ha B0OHoeleKmpuYecKka yeHmpana (BEL])

NoAXO0AALL 32 Pa3BUTUETO Ha 6asiHeoslorms.

B 6acenHa Ha peKka OrocTa ca usrpageHu noseye ot 180 s30BMpa - 3a Harmos-
BaHe (a30BMp Orocta B MoHTaHa), 3a BogocHabgaBaHe (A30BMp CpeyveHcKa bapa um
3a CHabAsABaHe C eIeKTPUYEeCTBO (A30BMp Ha Kackaaarta eTpoxaH). onama yacT ot
Te3u A30BMpM MMaT KanaumuteT nosa 10 Mun M3, KaTo HaM-roseM1Te ca A30BMpUTE
CpeyeHcka bapa ¢ KanauuteT Bapupaw, Mmexay 10 1 100 mun. m3 u a3osump Orocra,
YMMTO KanaumTteT Hagsuwasa 500 Mun. m3.

lll.4. PeyHu notoum B obnact lNneseH

111.4.1. Uckbp

Peka Mckbp e Hal-agbarata peka B bbarapua, ussupawa ot Puna nnaHuHa,
Teyala B MOCOKa CeBEp KbM LEHTbpa Ha CTpaHaTta, C AbJiXKMHa € oT 3,639 km, u
peKkaTa Mma 06L Bogoc6opeH 6acenH ot 8,646 km?.

Peka Mckbp ce BamMBa B peka [yHaB, Ha ceBepHaTta rpaHudua Ha bbarapums.
CpeaHuAT rogumiieH ob6em Ha BAMBALLM Ce B peKaTa BoAU e MexXay 716 MuanoHa M3
(Ha Bpbx HoBu Uckbp B cpegHoTo UCKbpCKOo gedune) o 1,325 mmamoHa M3 (B Kpas
Ha geduneTo okono ceno Peb6apkoBo). MpoeKTbT HAMA Aa 3acerHe UAA0CTHMUA 06eM
Ha BoAMTE, BMBALUM ce B MICKbpP, HUTO LiEe MMA Bb3AEUCTBUE BbPXY TEYEHUETO Ha
peka JlyHaB, Ha KOroto MICKbp e NpuTOK.

Peka Uckbp e noa KoHTposa Ha Aupekums BoaHu 6acenHmn- [lyHaBCKU PErmoH,
KOATO € 4acT oT MMHUCTepcTBo Ha OKonHaTta cpega u Boaute. Tasm AuMpeKkuma e
BKJ/IlOYEHA B NOAPO6EH ChblLUeCTBYBaL, Nnpernej ot ctpaHa Ha EIA 1 e 6una ot ronamo
3HaYeHMe B pa3BUTUETO Ha YC/I0BMA 3a M34aBaHe Ha pa3peLumTesIHO 3a pa3BMTMETO
Ha To3u lNpoekKT.

CobuwecTBeHaTa Co/IMAHA reonorus Bapupa OoT CeAUMEHTHUN CKaJiM, KaTO NACDHY-
HMUN U BapOoBUUU, 0O BYJIKAHMYHUN CKaJ/IM KakKBHUTO Ca WNCTUTE U 6anacta. OcseH
KapCTtoBnA BapoOBMK, HUTO €JHUN OT TE3U CbOpMaLI,MM HE npejctaBiAaBaTt 3Ha4YMMH
noasemMH”u BOAOU3TOYHMLUM.

KayectBoTo Ha BoguTe Ha CpeaeH MCKbp, MOBJIMAHO OT 3aMbpCABAHETO OT
LUMPOK KPblr U3TOYHULM €:

» MpeyncTBaHe Ha M3M0/I3BaHM BOAU OT BUTOBU U MHAYCTPUAIHM NOTPEGUTENN
oT Cocua. OcobeHo No BpeMe Ha BUCOKM BOAM, HEMpPeYMcTeHaTa KaHaamsa-
LM M MPbCHA BOZIa CE€ U3XBbP/IAT AMPEKTHO B PEKATa;

4 Hel'lpe‘-MCTeHMTe noJsiaBaH1M BOAMN OT HacCe/leHN MeCTa B 6/1M30CT A0 peKa
MCK'bp, KOUTO Ce OTTHYAT B HeA,

» [poMHLLINEHUTE OTNAAHM BOAM OT KpeMMKOBUM ce U3XBBLPAAT B peKka Jlec-
HOBCK, KOAITO € MPMUTOK Ha MCKbp, M KOATO Ce B/IMBA B FOPHOTO U TeYeHUe B
UckbpcKkoTO aedune;

» ByHuLle 1 GOK/IYK BbB BoAaTa M
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» U3XBbP/IAHE HA HEMPEYMCTEHMTE BOAM OT CesiaTa No NopeymeTo Ha peKaTa.

UcTopryeckuTe npoyyBaHMA 3a KayeCTBOTO Ha BOoJaTa, KaKTO M OCHOBHOTO
npoy4yBaHe, npeanpuveTo oT cTpaHa Ha EIA, noka3sa, Ye KayecTBOTO Ha BOAMTE Ha
Peka Uckbp e npegMeT Ha “MMnyscn” OT 3aMbpcCABaHUA, CBbP3aHM C FOJIAMOTO
Konn4yecTBo Banexun. Obaye, Ka4ecTBOTO Ha BogMTe Ha Peka UcKbp 6aBHO ce noao-
6paBa npes3 nocaeaHuTe ABAMCET FOAMHMU, C MHCTA/IMPAHETO Ha HOBU Boaonpeumc-
TBaTENHM CTaHuMn B Codma 1 B Apyrm rpagose. lNpeam tesm nogobpeHns, pekaTa e
6una 3HaYUTENIHO 3aMbPCEHA M C MHOIO OrpaHU4YeHO KOIMYeCTBO puba B HeA. MMa
MaJIKO Ha/IMYHU JaHHM OTHOCHO CeAMMEHTHMA ToBap B peKaTa. EgHo npoyyBsaHe,
M3BBbPLLUEHO Npe3 1973 r., Ha 6a3a KOeTo e M34McneHo, ve 4,750,400 M3 nnaBawm
ceanuMeHTM 1 475,040 M3 Bradvewm ceaMMEHTH, MMHaBaT Npe3 KackagmTte Ha peKa-
Ta 3a rogmHa.

CeaMMeHTHTE yTaeHM B MCKbpcKaTta A0/IMHa ca 6MaM B3ETU 3a MPO6U M aHasIMU-
3MpaHM 3a CbAbpKaHME HA 3aMbPCUTESIMU, 3a Aa CE OLEHWM HMBOTO Ha Bb3AEMCTBM-
€TO OT MPOMMLLJIEHUTE U BUTOBM OTTOUHM BOAM, BAM3ALLM B peKaTa. M3BbpLUEHUAT
aHa/IM3 MNoKassa, Ye B CeAMMEHTUTE MMa MOBMLLEHO CbAbPKAHME Ha TEXKMU MeTa-
M, NETPON M OPraHUYHM XMMMKAIU. Bb3AenCcTBMETO HA Te3U CEAMMEHTM BbPXY
KauyecTBOTO Ha BOAMTE Lie Ce ynpaB/ifiBa Mo BPEME Ha CTpOMTE/IHATa Nporpama Ha
MMHUCTEPCTBOTO Ha OKO/IHaTa Cpeja M BoauTe.
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Mon3eaHeTo Ha BoauTe B CpegeH Uckbp e orpaHmMyeHo. OCHOBHMAT M3TOYHMK
Ha HarosBaHe (3a AOMallHM 3e/IeHYYKOBU rPajiMHU) e NuTerHaTa Boaa. MntelHaTa
BOZA Ce Yyepnu oT NOToUM U e3epa B 0OKpbKaBalmTe naaHMHU. Hama gaHHu 3a noa-
3eMHM BOAM B Tasm 30Ha. CpeaHuAT UCKbp ce Nos3Ba 3a HAKOM AEMHOCTM 3a OTAMX,
BKJ/ILOUMTEIHO pMOOJIOB M BOAHM CMIOPTOBE (KaHy, KafaK U padTUHI).

11.4.2. Bum

Peka But 3anoysa cneg camBaHeTo Ha benn But 1 YepHu But, nssupawm ot
Crapa nnaHnHa. B ropHOTO TeyeHue Ha pekaTta cksioHoseTe gocturaT go 200 0/00,
HO B TeTeBeH CKNOHBLT € No-HMUCBK - 100/00. CpegHUAT CKI0H Ha pekaTa e 9.6 0/00,
rbCTOTaTa Ha pevyHaTa MpeXa € MHOro maska - 0.5 KM/km?. dopmaTa Ha Bogeaena
(HAKNOHa No KOMTO ce CTMYa BojaTa) € NpoAb/roBaTa (CpefiHa WMpUHa - 25 KM) C
061 6poi npuToLM camo aecet. CpeaHaTa HaAMOPCKa BUCOYMHA € 0K0J10 400 M.

lNnaHuHCKaTa 4acT e NOKpUTa C Topn M1 NMacuila. Ha,qony no Te4yeHneTo peud-
HaTa [O0JIMHa ce pa3wnmpAaBa U OKOJIO Pe4YHMUAT NOTOK Ce noABABaT KYJITUBUPAHU
naoLn. XapaKTepr Ha BOJHOTO KOPMUTO Ha BoAoJ€e/1a NpoAb/ixKaBa A0 C/IMBAHETO
[ABETE peKN. Cnepn ToBa TEYEHMETO Ha But npoAbJ/ixKaBa B MOCOKa CceBep B MNMO-roJjia-
Ma A0JIHa C HUCKMN CKJIOHOBE Ha 6perOBeTe A0 nocineaHmnA CeEKTOp Ha npoy4BaHUA
noasemMeH Bojenesn - cejio prHeHe B CpeJHaTa 4acCT Ha peKarTa. Hal'lpe‘-IHMFIT pas-
pe3 UMa cbopMaTa Ha Tpaney 1 TEPUTOPUATA OKOJIO peKaTa Ce€ CbCTOM OT Naculla,
rpagmHn 1 NoJsieTa.

MbnHOBOAMETO Ha peKa BuT, cnen cnpaBKa c roaviiHMTe Xuaporpaduku, no-
Ka3Ba /IBa MAaKCMMYyMa - HaM-rosiAM npes nposieTta (MapT-Mam) M BTOPUYEH, O6MK-
HOBEHO MO-Ma/ibK Mpe3 eceHTa (OKTOMBPU-HoemBpu). OCHOBHaTa NpuyMHa 3a ro-
AMLIHUTE MAKCMMYMM Ca YeCTUTE MHTEH3WBHM BaJIEXM M TOMALWMTE CEe CHErose,
nonazjaliv BbB BOAHOTO KOPUTO Mpe3 NpoJIeTHUSA ce30H. HaM-HUCKO NbIHOBOAME Ce
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3a6enA3Ba B Kpas Ha NATOTO (@Brycr-CenTeEMBPMU), HO HAKOM OTAENHM MNOKa4BaHMUA
Ha BOAMTE Ca perucTpupaHu B TO3M NEpUOL, B pe3ynTaT Ha BasexXMTe Npes3 NAaToTo.
CpeaHoOTO BOAHO OTTMYaHe B rpaj TeTteBeH € 0Kkono 4.34 M3/s uan 137 MUAMOHa M3
pasnpeaesieH NnpeaAMMHO npe3 rnpoaeTHMA BUCOK npuave - 40%, BTOPUYEH eCeHeH
npuamus - 40% 1 ocTaHanaTa 4acT oT rogmHaTta - 20%. CpeaAHOTO BOAHO OTTMYaHE B
rpag CagoBel e okos10 12.14 M3/s unn 380 munmoHa mM3. CpeHOTO BOAHO OTTMYAHE
B ceno TbpHeHe e 0kos10 13.00 M3/s nan 410 MuAMoHa M3.

B KopuTOTO Ha [OpeH BUT MMa TpM MOHUTOPUHIOBM XMAPOMETPUYHU CTaHLMMU
B rpaa TeteseH (benn But - otkputa npe3 1938 r.), B ceno Cagosel, (rnaBHOTO Te-
YyeHue Ha BuT - oTkputa npe3 1935 r.) u B ceno TbpHeHe (rnaBHOTO TeyeHne Ha But
- oTKpuTa npe3 1935 r.). 3a HacToALWETO NpoyyYBaHe OT NoTouMTe ce Cbbupart Bce-
KM AeH 3a nepuoga 1991-2006 r. JaHHM 3a BanexuTe 3a neT AbXA0CboOUpaTesHU
CTaHUMM B PEYHOTO KOPUTO Ca CbOpaHM 3a CbluMA Nepumoa- CTaHummuTe Pubapuua,
TeTeBeH, JlecuapeH, YrovpumH u Cagosel,.

11.4.3. OcpbM

BacelHbT Ha peka OcbM BKJIloYBa YacTh oT Ctapa MnaHWHA, NOAHOXMETO Ha
JlyHaBCcKaTa paBHMHa. lMnaHMHaTa 0K010 TPOSHCKMA GasikaH 06XBalla CeBEpPHUTE
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CK/IoOHOBe Ha 4acT ot lpegb6ankaHa mexay Kanyaxkuka (1.521 M) v Bpbx boteB
(2.376 M). AbN6OKMTE N OTBECHM AOJIMHU, KOUTO MMHABAT npe3 6mnoTto Ha Ctapa
NJ1aHMHA B MOCOKA CEBEPOU3TOK KbM peka benn Ocbm, pasgenat ceBepHMA CKJIOH
BbB BEPTMKA/IHU U XOPM3OHTA/IHU XbJIMOBE.
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Ta3u vyacT ot basikaHa KaTo LAI0 Ce XxapaKTepu3npa CbC CTPbMHMU OXKHM CKO-
HOBE M He TOJIKOBA CTPbMHM CEBEPHM CKIOHOBE. CeBepHUTE CKJIOHOBE Ca rnpece-
YeHM OT PEeKU U pasjesieHNn Ha MHOro XbJIMOBE B MOCOKA HOr-toroMsTok, cesep-ce-
Bepo3anaj U cesepo3anaj - loromstok. lNo-BaKHUTE NAAHUHCKM BMna U XbJMOBE
oT M3TOK Ha 3anaj ca: lpebaHa, Aebenn agan, Kugos agan, lMpucoeto, Typnara,
Pata, LUunkoBckn pba 1 apyrm. Ha cesep oT LLUMNKOBCKM pbA KbM AO/IMHATA Ha
peka KanHMK uMa BbpxoBe, pMA0BE U XBJIMOBE, KOMTO Ca CBbP3aHM NO pasIMyHU
NbTULWLA C NNaHMHA BacnnboBcKa. Ha-BaxHUTe ca onama UKBap/aieHKa U MaJika
UxBapneHKa, Ypcen, MOMMHCKM KaMbK U ap.

BacelHbT Ha peka OCbM MOKPUBA MHOIO MI0A0POAHU, 06PAGOTBAEMM MJIOLLM.
B mnaHWMHCKMA paloH U B MOAHOMMETO, NMOBbPXHOCTTA M € 3aeTa OT MaJIKM MNoJeTa,
MOBEYETO OT KOMTO MOKa3BaT C/IOKEH penied U CMBM FOPCKMU MOYBM, anyBUAIHU U
FOPCKM MOYBM M aNyBMAIHM MAcMLLA. 3HAYMTE/IHA YacT oT o6paboTBaemaTta oLy B
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CPeAHOTO TeYeHMe Ha peKaTa UMa pasanyHm penedHu hopMM H CTPbMHUHMU. [pe-
AUMHO CbC CbAbpKaHWE Ha KapboHaTU, TUMUYEH U U36IEeAHAN YEPHO3EM M any-
BMA/IHU MOYBM M aJlyBMa/IHM Nacuuia. 3oHaTa Ha YCTMETO Ha peka OCbM e noKpuTa
C a/lyBMAJIHU M anyBUASIHO-MACMLLHM MOYBM, M KAapBOHATHWM YepHo3eMM. HusmHaTta
Ha bensaHe MMa NOTbMHENIM KAap6OHATHU MOYBM M TUMMYEH YEPHO3EM M asTyBMAJIHM
MOYBU M alyBMaJIHM MacumLLa.

B 6aceMHbT Ha pekaTa ce OTriexaaT MHOIO 3bpPHEHM KYATypu (MeHuua m
LapeBmua). AanbT Ha CcneupanmsmMpaHuTe KynTypu, NaogoBe, 3e/1eH4yUm U TpariHu
KYNTypy € MasTbK.
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Mnasa IV
OI'IMC&HMe Ha TexHoJsiormmTe, U3nosi3aBaHu B CTPOMTEZICTBOTO Ha
xmp,poeneKTqueCKM LUeHTPpa/n

IV.1. KoHdurypauyma Ha obeKTa

Llenta Ha xuapoeneKkTpuyeckata cxema € Za npespblia NoTeHuMasHaTa eHep-
rMa OT BOAA, Tevalla B PeKMU B naj Ha Typo6mHa (M3Mo/13Ba C€ TEPMUHDBT ,Hanop“),
B €/IeKTpUYECKa eHeprus B A0JIHUSA Kpal Ha cxemata, KbAEeTo Ce HaMMpa eNIeKTpo-
LueHTpanaTa. [Ipon3BoAUTENHOCTTA Ha €HEprma OT CXemaTta € MponopuMoHasiHa Ha
TEe4YeHMEeTO U Ha Hanopa.

O61KHOBEHO CcxemuTe ce KnacmduumpaT cbraacHo “Hanopa’:
» Bucok Hanop: 100-mM 1 noseye

» CpeaeH Hanop: 30 - 100 m

» HUCBK Hanop: 2 - 30 M

Te3n obxBaTM He ca CTPOrM, HO ca MPOCTO CPpeACTBa 3a KaTeropusaumsa Ha
06EeKTH.

CxemuTe Morart Aa 6baaT onpeaesieHM CbLio Taka KaTo:

» CXeMM 3a TEYEHMETO Ha PeKM

» CXeMM C eNeKTPOLIEeHTpaIM, MOHTMPaHM B OCHOBATa Ha S130BMP
» MHTerpmpaHu cxeMu B KaHa/M MAM BOLOCHA6AUTENHN TPHOM

IV.1.1. CxeMu 3a me4YyeHuUe HA peKu

CxemMuTe 3a TEYEHME Ha PEKM Ca Pa3nosIoKEHM, KbJETO TYPOUHUTE reHepu-
paT e/IeKTPUYECTBO, TOraBa KoraTo BoJaTa € Ha/IM4Ha U ce NpeaocTaBsa OT peKara.
Korato pekata npecbxHe M TEYEHMETO NajHe NoJj onpeAeneHUTe CTOMHOCTU MU
MUHUMANHUA TEXHMYECKM NOTOK 3a TYpOMHa, JOOMBBLT Cnaja.

CxeMuTe CbC CpefleH M BUCOK J1Ie6UT MoN3BaT MNpesiMBHMUMTE 3a MpeHacou-
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BaHe Ha BoJaTa KbM BXOAHWA KaHa/, U Cnej ToBa A NpeHacAT 40 TypouHUTe npes
HanopHW TPbOW WM HaMOpPHWM BOAONMpPOBOAM. HamopHMTe BOAOMPOBOAM Ca CKbMM
M CbOTBETHO TO3M MPOEKT He € peHTabuneH. [pyra antepHatusa (pur. 1.1) e ga
ce npeHece BoJaTa Mo KaHas C MasTbK HaKJ/IOH, Teyvall NMoKpam pekata [0 BXOAHUS
KaHan noj HanfAraHe MM W3 U e ToBa Npe3 KbC HanopeH BoAONPOBOA A0 Typ-
6uHuTEe. AKo TonorpaduaTa u MopdosioruaTa Ha TepeHa He No3B0/IABa JIECHOTO MNo-
CTaBAHEe Ha KaHaJl, TpbbaTa C HUCKO HaffaraHe MoXe Ja ce OKaxke rno-peHTabusieH
BapuaHT. B oTBepcTMETO Ha TypbMHMTE, BoJATa CE M3XBbP/IA B peKaTta Ypes yJien.

MoHAKOra MasIko BOAOXPAHM/IMLLE, CKNaAMPalLL0 A0OCTATbYHO BOJa, 3a Aa PYHK-
LIMOHMPA CaMO B MUKOBM YacoOBE, KOraTo LIEHUTE Ha eNIEeKTPUYECTBOTO Ca BMCOKM,
MOKe Jla Ce U3rpaam Ypes NpemBHMK, MU U3KYCTBEHO e3epLie C NOA06HM pasMepH
MO’e Jia Ce NoCTPOM B LLJIO3A.

ELEVATION

PLAN due. 1.1

upetredin witey kvel ——y

tasdiack

due. 1.2

CxemMuTe C HUCBK Hanop ca NoAXOAALM 3a U3rpaxK[aHe B AO/IMHUTE Ha PeKMU-
Te. Morat Ja 6baaT u3bpaHM ABa TEXHUYECKM BapuaHTa. EAMHMAT e ako BojaTta
Cce npeHaco4yBa KbM BXOAEH KaHa/ KbC HanopeH BogonposoA (dpur. 1.2), AOKaTo
B CXEMMTE C BMCOK Hanop ce uarpaxzJa mMasko A30BUpYe, CHabAEeHO CbC CEKTOPHMU
NOPTU U MHTErpMpaH BXOAEH KaHan 3a BCMyKBaHe (ur. 1.3), enekTpoueHTpasa m
pubapcKa CTb/IbMYKa.
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SECTION A-A (f)UZ. 1.3

IV.1.2. CxeMu Ha esleKmpocmaHyuu 8 ocHosama Ha A308uUp

Mankute BOAHOLUEHTPA/IM HE MOraT Aa CHU NO3BOJIAT roJIAMO BOAOXpaHUIMLLE,
3a Ja beHKLll/IOHMpa €/1IeKTpoueHTpa/iata, Korato € Hal\;l-yMeCTHO, pa3xXxoauTte 3a
OTHOCUTEJIHO ToZIAMO BOJOXpaHUIMLLE U XNAPaAaB/IMHHUTE CbOPDHXKEHMNA 6uxa 6UIn
MHOIo BMCOKMH, 3a 61>,qe €JHO TakKoBa pelieHue peHTa6l4}'IHO. Ho aKo Bce nak eauH
TakKbB A30BUP € BeYe MU3rpajeH 3a Apyrmn ueainm, Kato HanpuMep KOHTPOJ1 Ha Ha-
BOAHEHUNATA, HaNnoABaHeE, BO,CI,OCHa6,£I,FIBaHe B roneMumTte rpajose, 3a 3a6aBsieHUA
M 4ap., - Bb3AMOXHO € Ja Ce NnponsBexKada €/IeKTpu4eCTBo, KaTto Ce roJi3Ba ,D,e6l4-
TbT, CbBMECTHUM C HETOBOTO beH,D,aMeHTaIIHO nosa3BaHe UJI €EKOJI0OTMYHUA MOTOK Ha
BOAOXPaHNIMLLETO. OCHOBHUAT BblMpoOC € KaK Aa Ce€ CBbpiKe ropHoTo M1 Kpal\aHOTO
Te4yeHMnA C BOAHUA KaHa/1 M1 KaK Ada HalaCHe Typ6MHaTa BbB BOAHMA KaHan. AKO 530-
BUPDBT UMa BeEYE U3XOAEH KaHa/l Ha AbHOTO, BUXK Cbl/IF. 1.4, 3a Bb3MOXHO pewenune.

tedlorn eufst

due. 1.4

Mpu ycnosue, 4e A30BMPBHT HE € TONIKOBA BUCOK, Le ce MHCTasMpa CMOH KaTo
BXOAEH KaHan. UHTerpasHMte cuM@OHU- BXOAHW KaHanu (dur. 1.5) npegoctasAat
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€/IeraHTHO peLleHMe B CXeMu, o610, ¢ Hanopu Ao 10 M 1 3a cTtaHumm Ao okosio 1000
kW, BbNpeKu, 4e Mma npmMmepu 3a CMOOHU-BXOAHM KaHaM C MHCTAIMPaH Kanauu-
TeT ot Ao 11 MW (lUBeums) v Hanopu ao 30.5 m (CALL). TypbuHaTa Moxe aa 6bae
NO3MUMOHMPaHa KaKTo Ha BbpXa Ha A30BMPa, Taka CbLO M OT CTpaHaTa Ha Z10/IHOTO
TeyeHue. EnekTpocTaHuuATa MoXKe aa 6bJe AoCTaBeHA NpeaBapuTE/IHO 0popMeHa
cnep CTpoMTeNHUTE paboTH U MHCTasIMpaHa 6e3 CblEeCTBEHM MOAUMUKALMM B A30-
BMpa.

sypion lfoks. ¢ue. 1.5

ABa BMAa CXeMM1 Morat Aa 6'b,£l,aT NMPOEKTHUPAHU 3a M3MNO0JZI3BAaHE KATO HanonTe-
J1IEH KaHaJl:

» KaHanbT ce paswmMpsBa 3a Ja Ce HAaCTaHAT BXOAEH KaHasl, eNeKTpoCTaHUuA
M YNen U CTpaHnyeH obxoa. dur. 1.6 NoKassa cxema OT TO3M BUA, C NOABOJ-
HO en. obopyaBaHe ¢ KasinaHoBa Typ6MHa € npaB brbj. 3a OXpaHa Ha BoJaTa
3a HanosiBaHe, cxemarta TpsibBa [la BK/I04BA CTPAHUYHKM 06X04M, KaKTO € Mno-
COYEHO Ha durypara, B C/lyda Ha 3aTBapsiHE Ha Typ6uHa. To3u BUA CXxema
MOKe Aa 6bJe MpoeKTUpaHa KaTo 3a KaHa/l, KaTo AONbJIHUTENHU paboTy,
[AOKATO KaHa/bT paboTelly C NbJieH KanauuteT 61 6Maa MHOro CKbna onuus.

A 00000 g

SECTION
bl
o 1

1
I

» AKO KaHanbT BeYye CbLeCcTBYyBa, CXemMa KaTto Tasu ot durypa 1.7 e noaxo-
AALWO peleHne. KaHanbT MOXe NIeKo Ja ce paslimpu, 3a Aa BK/IKYM BXO-
AEeH KaHan U NpeaMBHMK. 3a Aa Ce HaManu LuMpMHaTa Ha BXOAHMA KaHas
A0 MMHUMYM, LLe Ce MHCTa/IMpa YAb/xKeH npeamBHMK. OT BXOAHUA KaHan,
LW/H03BT MOKPaK KaHana JocTaBA BoAa NojJ HansraHe 3a TypéuHaTta. Bogata
MMWHaBa npe3 Typ6uHaTa U Ce Bpblla B peKaTa Nnpe3 Kbe y/en.
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IV.1.3. lhmeapupaHu cxemMu 8 cucmemama 3a 800Ha abcmpaxkyusa

MuTeMHaTa BoJa ce 0CTaBsa B rpaja, Ype3 NpeHacsHe Ha BojaTa OT BOAoXpa-
HUAMLLE OT FOPHOTO TEYEHME Ha A30BMpa NOCPeACTBOM Nomna noj HanaraHe. O6mK-
HOBEHO B TO3U BM/l MHCTAJIALMSA, pa3npbCKBAHETO Ha EHEPrusTa OT J0/IHUA KpaM Ha
nomnarta Kbm Bxoda Ha BoaonpeuncrtBatenHata CTaHUMS € AOCTUIHATO Ypes Nnons-
BAHETO Ha creuuanHu Knanu. MoctaBaHETO Ha TpMbyHaTa B Kpas Ha TpbbaTa, 3a
/la NpeBpblla Ta3MW 3arybeHa eHeprusa B e/IeKTPUYECTBO, € aTPaKTMBEH BapMaHT,
npu ycnoBuA, Ye eHOMEHbT BOAEH/XMApPaBAMYEH yaap 6bae m3berHat. CBpbx-
HaNAraHeTo Ha BOAHMSA yaap € 0CO6EHO KPUTMYHO, KOrato TypbuHata € MOHTHpa-
Ha BbpXy CTapaTa Tpbba C HanAraHe. 3a Aa ce rapaHTMpa BoAoCHabAABaHe npes
LAN0TO BpeMe, TpsA6Ba Aa 6be MOHTMpPaHa CMCTEMA OT OTKJIOHMTENIHM Knanu. B
HAKOM CMCTEMM 3a BOAOCHAOAABaHE, TYPOMHMTE M3XBBPAAT BOAA B OTKPUTH €3ep-
ua. Cuctemata 3a KOHTPO/ NOAAbPKA HMBOTO Ha €3epoTo. B ciiyyar Ha MexaHMYHO
3aTBapsiHe Ha TypbuHaTa MK aBapysa B HeAl, CUCTeMaTa Ha OTKJIOHUTEJIHUTE Kaanu
CblLLO MOXeE Aa NoAAbprka HMBOTO Ha e€3epoTo. B HAKOM cnyyaum, ako OCHOBHaTa
OTKJIOHMTENHA/6aM-nac Knana He pyHKLUMOHUPA M Ce MOABM CBPbX-HaNsAraHe, cro-
MaraTtesiHa OTKJIOHUTEsNIHa/6aMl-nac Knana 6bp30 ce oTBapA OT MPOTUBOTEXKECTTA.
BcruKKM 3aTBapAHMA M OTBApAHMA Ha Te3M Kanu TpsbBa cTaBaT 6aBHO, 3a Ja ce
3ana3AT OTK/IOHEHMATA B Ha/IAraHeTo B AOMNYCTUMMTE HOpPMM. CHUCTemaTta 3a KOH-
Tpon TpsibBa a 6bAe NO-KOMMIEKCHA B TE3U CUCTEMMU, KbAETO M3XOAHMAT KaHaN Ha
TypOuHaTa € 06EKT Ha KOHTpa-HanAraHe Ha MperkaTta.

IV.2. MnaHMpaHe Ha MaJIKM BOAHOEIEKTPUUYECKN CXEMM

OKoH4YaTenHuaT NMPOEKT UJIN CXeMa MABa B pe3y/TaT Ha KOMIMJIEKCEH U NOBTa-
pAaw ce npouec, KbAeTo UMa OTHACAHE KbM B'b3,D,el\/'ICTBMeTO BbpXYy OKOJIHaTa cpeja
1M pasIMHHUTE TEXHOJIOMMYHU onunn. TaKa ce ocToMHOCTABAT TE€ U ce M3BbpLUBaA
MKOHOMMYECKaA OLEHKa.
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Bbnpeku, 4e He e necHo Aa ce NpefocTaBAT NoAPO6HU YKa3aHMUsA, 3a ToBa Kak
ce oLueHsBa eHa CXeMa, € Bb3MOXHO Ja Ce onuluaT PYyHAAMEHTAIHUTE CTbIKM,
KOMTO TpsA6Ba Ja ce cieBart, Npeam Aa ce B3eMe pelleHme, aKo HAKOM Lie npuber-
He [0 noApo6HO MPOoyyYBaHE 3a OCbLIECTBUMOCT MM He. CMMCBK C Npoy4YBaHMATA,
KOMTO TpAbBa Aa ce M3BbpLUAT:

» Tonorpacua 1 reomopdosorma Ha obekTa.
» OueHKa Ha BOAOU3TOYHULMTE U NOTEHUMANA, KOMTO LLE Cce reHepupa

» N360p Ha 0GEKT M OCHOBHO Tpace NJC XMApPaB/IMYHU TYPOUHM U FreHepaTo-
PU U TEXHUA KOHTPOA

» OueHKa Ha B/IMAEHETO BbPXY OKOJIHATA CPpe/a U MEPKMTE 3a CMEKYaBaHe
» MKOHOMMYECKA OLeHKA Ha NPOoeKTa U (MHAHCOB MOTEHLMa

» MHCTUTYLMOHANHA paMKa M aAMMHUCTPATMBHM NpoLeaypu 3a nosyYaBaHe
Ha Heo6XoAMMMUTE CbrIacus

BoaHuTe TeyeHmnAa okono npUpoaHUN NI HanpaBEHM OT HOBEKa KaHa/11, ABUXKE-
n ce ot Tp'b6l4 C HUCKO M BUCOKO HaNAraHe, pas/iMBalln npesimBHULUUN Ha 6eHTOBE
1 3a4BM*KBaHE Ha Typ6l4Hl4 BKJ/1lOYBAT NpularaHeTo Ha CbYH,ElaMeHTaJ'IHM MHXXEHEPHU
NPUHLUHIMUN B TEYHUN MEXAHN3MMU. B naea 2 ca pa3rnegaHun T1e3n nNnpnHUUNnmM 3aegHo C
KpaTkute nNbTHlla, NPpOU3NIE3SIN OT OMNMMUTA, HATPyMNaH OT BEKOBE B U3rpaxXaaHeTO Ha
XMApaB/IM4HU CUCTEMMU.

3a fJa ce pelwM Janum efHa CXxemMa € oCbLeCcTBMMa, € HEOOX0AMMO Ja Ce 3arno-
YHEe OLIEHABAHE Ha CbLIECTBYBALUUTE BOAHUTE M3TOYHULM Ha 06eKTa. EHEprumMHUAT
NnoTeHUMas Ha CxemMaTa € MpOonopLUMOHANEH Ha NpoAyKTa Ha MOoToKa M Harnopa. C
M3KKOYEHME HA MHOro Cslabu Hanopu, O6PYTHMA Hanop MoOXe OOGMKHOBEHO Ja ce
cyeTe 3a NOCTOAIHEH, HO MOTOKA Bapupa npes roguHaTa. 3a ga ce usbepe Hau-noa-
X04AWOTO XMAPaB/IMYHO 060pyZBaHE U Aa CE M3YMC/IM NMOTEHUMANbT Ha 06EKTa C
M34YMCSIEHUSA HA roAMLLIHATA EHEPrUiMHA NPOU3BOAUTEIHOCT, KpUBATA Ha NPOAbIKM-
TE/ZIHOCTTA Ha NOTOKa € Ham-nosnesHa. EAMHMYHO M3MepBaHe Ha MUTHOBEHO TEYEHUE
B MOTOK MMa MaJsika CTOMHOCT.

MN3mepBaHeTO Ha GPYTHMA HaMop M3MCKBa Tonorpadcko 3acHemaHe. lonyye-
HUTE pe3ynTaTu, NON3BalKM reogesmyeH epKkep U UHCTPYMEHTHM € A0CTa TOYHO, HO
CbBPEMEHHMUTE MOAX0AM B 060pPY/ZBaHETO 3a €/IEKTPOHHO 3aCcHeMaHe npasu Tomno-
rpadCKOTO 3aCHEMaHe MHOro rno-ecHo M 6bP30. 3a Ja ce npousBefe KpvBa Ha
NPOAB/IKUTENIHOCTTA HA TeYEHUETO B Heopa3MepeH 06eKT. ToBa M3MCKBa MO-Ab-
60KO pa3bupaHe Ha xmMaposaormaTa.

PasnnyHu Metoam Ha M3MepBaHe Ha KOJIMYECTBOTO Ha Te€4alllaTa BOJa B NOTOK
Ca aHa/IM3npaH1 U Ca JUCKYTUPaHN XUAPOJOKKN MOAE/IN 3a U3HYUCTIEHNE Ha PEKU-
Ma Ha Te4YeHMETO B NOTOK B HEOPA3MEPEHH 06EKTHU.

TexHuKn 3a optodpoTtorpacdumsa, RES, GIS, reomopdonorna, reoTeKToHMKa, U
Ap. - Ce M3non3BaT AHEC 3a OLEHKa Ha obeKTa. AHanu3MpaHu ca M 0OSICHEHM ca
3aK/Il04YEHMATA OTHOCHO KaK Te bmxa Moram aa 6vaat usberHatu. B naBa 5 ca 06sc-
HEHW OCHOBHMTE MJAHOBE M XMAPABJIMYHMUTE CbOPDBKEHMSA, KAaTO BEHTOBE, KaHa/M,
NpenMBHULM, BXOAHM KaHa/IM M LIKO30BE, Ca NOAPOGHO NpoyYeHH.



120 lMpoy4ysaHe 3a 8b3MOXXHOCMMA 3a u3zpaxkdaHe Ha B0OHoeleKmpuYecKka yeHmpana (BEL])

Moxke aa e Heo6xoauMMOo noslydaBaHeTo Ha OBO3 3a u3rpaxkgaHeTo Ha cxemarta
M ONON30TBOPABAHETO HAa HA/IMYHMUTE BOAU. Bbrnpekn HAKONIOTO NocaegHM NnpoyyBa-
HUA, KOMTO MOKa3axa, Y€ MaJKUTe XMAPOLEHTPA/IM HE NPOM3BEXKAAT BpPEeAHU EMMU-
cuun B atMocdepaTta, HATO NPoM3BEXAAT TOKCUYHM OTNAADbUM, M HE JONPUHACAT 3a
KIMMAaTUYHMTE MPOMEHM, MPOEKTAHTUTE L€ M3BBPLLBAT BCUYKM HEOOXOAMMM MEPKM
3a HaMa/siABaHEe Ha MECTHMUTE €KOJIOMMYHU B/IUSHMUA.

3a CbXaneHue nocnejHuUTe Aeperyiauum 3a noBevyeto eNeKTpU4eckn MHAYC-
Tpum B EC e HanpaBu/0o TPyAHO yCTaHOBABAHETO Ha obuia npoueaypa, KOATO Aa
6bae cneapaHa. lNpeau HAKonko rogmHn ESHA paspabotu (aekemspu 1994 r.) ot
umeto Ha E.C. DGXVII, goknag 3a ,,Mankute BogH1 eHeprum. O6LLa pamKa 3a 3aKo-
HoZaTesICTBO MU Mpoueaypu no otTopusaumsa ,,, U BbMPEKU, Ye HE € TOK, MMa MHOro
BaNMAHM acnekTu. JoKnaabT e HaJIMYeH Ha MHTepHET agpec: www.esha.be, Ha uH-
TepHeT cTpaHuuata Ha ESHA. Jpyru BaXKHM pasrnexjaHua 3a Te3m, KOMTo npaBAT
pa3paboTk1Te 1 TpAbGBa Ja B3emaT nNpeasma TapuduTe 3a 3es1eHa U OCHOBHA eHep-
A U aJMUHUCTPATUBHUTE NPoOLEAYPU 3@ NPUCHESMHABAHE KbM e/IeKTpuyecKara
Mpexka. ToBa 3aBMCM OT eHeprumHaTa NnoJIMTUKa M MHCTUTYLMOHAaIHaTa paMKa Ha
BCAKa CTpaHa.

IV.3. BogeH noTtoK B Tpb6M

EavH BoAeH Kopnyc Wwe MMa NoTeHUMa Ha eHeprua Ha OCHOBaHWE Ha HeroBaTa
CKOpOCT U BEpPTMKa/IHA BUCOYMHA, C KOATO Kane, (KaTto pas/siMKa OT BOAHUTE HMBA
€ TOBa, KOETO 3aABUKBa BOAHMA MOTOK), KOETO € M3BECTHO KaTo “Hanop.”. Ta3u
eHeprma e “rpaBuMTalMOHHA NOTEHUMasHa eHepruA.” ToBa € NpPoAyKT Ha Macara,
YCKOPEHMETO, AbJIKalLUM ce Ha edpeKTa OT rpaBMTaumaTa M Ha Hanopa (m.g.h) v ce
nspasasart B Axayam (J). EHEpruMHMAT Hanop BbB BoJa Tevalla B 3aTBOPEH Mpo-
BOAHUK OT KPbroBO HanpeyHo CevyeHue, noj onpefesieHo HanaraHe, e gajeHa C
ypaBHeHMETO Ha bepHyau:

P v
H =h+—++-1
y 28

3a OTBOPEH KaHaJl, ce npuaara CbLioTO ypaBHEHUE, HO C nepuog P1/y 3amec-
TeH oT d1, B Ab2160YMHATA Ha BoaTa.

AKo BogaTta ce JonyCHe Aa Tede MHOro 6aBHO B AbJ/ra, NpaBa, CTbKJ/IEHa Tpbba
C MaJIKa aynkKa, B KOATO Ce NnyCcKa CTpys oLBeTeHa BoJa BbB BX0Ja Ha Tpbbara, oue-
TeHaTa BoJa e ce NosiBM KaTo npasa JIMHMA MO uAnata Ab/iXKMHA Ha TpbbaTta. To3u
edeKT e 13BeCTeH KaTo NaMMHMpPaH (C10ecT) NoToK. BoaHuMTe notoum B croeseTte,
KaTO cepus OT TbHKU CTEHHU KOHLEHTpUPaHM TPbOM. BbHLILIHATa BMpTYyasiHaTa Tpbba
npunenBa A0 CTeHaTa Ha CbLUMHCKaTa Tpbba, 4OKATO BCAKA OT BbTPELLUHUTE Ce ABMKM
C MaJIKO NO-BMCOKA CKOPOCT, KOAAITO ZOCTMra MakCMMasiHa CKOpPOCT 61130 A0 LEHTbpa
Ha TpbbaTa. CKOpoCTTa Ha pa3npocTpaHeHue Mma dopmarta Ha napabosa M cpegHa
cKopocT (wur. 2.1) e 50% oT MaKCMMasiHaTa CKOPOCT Ha LEeHTpasiHaTa IMHUA.
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AKO cMnaTa Ha NoTOKa NOCTENEHHO HapacTBa, Ce AOCTMra [0 TO4YKa, KoraTo
CNOAT NOTOK M3BEAHBXK Ce YyMnu M Ce CMecBa C O6KpbrkaBallata ro Boga. Yactu-
uMTe B 6/IM30CT A0 CTEHaTa Ce CMeCBaT C Te3U B CpeAHMs MOTOK, ABUKEMKU ce C
Mo-rosisiMa CKOpPOCT, M 'M YKpoTABaT. B T031 MOMEHT TeYEHMETO CTaBa TYypOY/EHT-
HO, M KpMBaTa Ha CKOPOCTTA Ha pa3npoCTpaHeHUe e Mo-naocka. EkcnepuMeHTH Ha-
npaBeHn oT Oc6bpH PelHonAac, B Kpas Ha 19TM BEK, OTKpPUBAT Ye NpeEMMHABAHETO
Npe3s JlaMMHApHOTO TeYEHME KbM TYpOYNEHTHO 3aBMCH, HE CAMO OT CKOPOCTTA, HO
M OT AMaMeTbpa Ha TpbbaTa M CKOPOCTTA Ha TEYHOCTTA, M € CbOTHOLLUEHME MEXKAY
MHEpPTHaTa CM/1a M BUCKO3HATA cmia. ToBa CbOTHOLIEHME € M3BECTHO KaTo YMC/IOTO
Ha PeMHONAC M MOXKe Aa ce M3pasu, B C/lydal Ha KPbriu TpbOM.

OT Te3n eKCnepuUMEHTU Ce YCTAHOBM, Ye 3a NOTOKA B Kpbraa Tpbba, KpUTUYHO-
TO Yncso Ha PerHonac e okono 2000. BCbLHOCT TO3M NPEXOA HE BUHArM ce Cy4dBa
To4HO npu Re=2000 , HO Bapupa B 3aBUCMMOCT OT ycnoBuATa. Ob6aye nMma noseye ot
e/lHa NpexoAHa To4Ka, M TOBa KOETO CbLEeCTBYBa € NPeXoAeH 06xBarT.

IV.3.1. [lpexodeH nomok

B paBHOMEPHM NOTOLM, KbAETO M3TUYAHETO CE CYMTA 3a MOCTOSHHO C BPEMETO,
OnepaTMBHOTO HajiiraHe BbB BCSAKA TOYKA MOKpaM HAMOPHWUSA BOJOMPOBO/, € paBHa
Ha Hanopa Ha BoJaTa HaJ Ta3Mu To4vka. AKO ce MosiBM BHeE3amnHa NpoMsHa Ha NoTo-
Ka, HanpMmep KoraTo onepauMoHHaTa CMCTEMA MJIM KOHTPOJIHaTa cMcTema, OTBOpAT
WMAM 3aTBapAT BpaTWM MHOro 6bP30, BHE3anHaTa NMPOMAHA B CKOPOCTTAa Ha BojaTa
MOKe€ Aa NPUYMHM OMACHM BUCOKM U HUCKU HanAaraHuaA. Tasu BbJiHA Ha HanAraHe e
M3BECTHa KaTo BOAEH yAap MM npuukaaHe, u edeKkTMTe OT Hea Morat ga 6baat
ApaMaTUyHKM. HanopHUAT BOAONPOBOA MOXKE Aa CE NPbCHE OT CBPbX-HaNAraHe u/n
CpYB, aKO Ha/iAraHeTo cnajHe noj atMocdepHoTo. Bbnpeku ye e npexoaHo, npu-
MXAALWOTO HanAraHe, npeamMsBMKaHo OT (peHOMeHa ,,BoAeH yaap” Moxe da 6bae ¢
MarHUTy/Z HAKOIKO MbTU NO-TFOJIAAIM OT CTaTMYHOTO HasiAraHe, AbJ/iXKallo ce Ha Hamno-
pa. Cbr/sacHo BTOpPUA 3aKOH 3a ABMXKEHMETO Ha HIOTOH, cunata pa3BmTa B HanopeH
BOZONPOBOJ, OT BHE3aMnHa NpoMsAHa B CKOPOCTTa, e 6bae:

AKO CKOpOCTTa Ha BOAHATa KOJIOHA MOXe Aa 6bje HamasieHa [0 Hyna, npo-
M3NA3MaTa CMNa CTaBa 6e3KpaiHa. 3a LacTMe ToBa HE € Bb3MOMKHO Ha MpPaKTUKa;
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MeXaHMYHaTa KJiana U3nMCKBa N3BECTHO BpPpeME 3a TOTAa/IHOTO 3aTBapAHe Ha CTeHUTE
Ha pr6aTa, a Té CbOTBETHO HE Ca MU3LUAN0 TBbPAU M BOAHATA KOJIOHaA Mo roJiaAMo
HanAraHe € HecCBMBaeMa.

CnepHoTo onucaHMe, nonasBa Kak NpomMAHaTa B CKOPOCTTa, MOpPOAEHa OT BHe-
3aMHOTO 3aTBapAHe Ha BpartaTa, M/ K/lanaTa, B Kpad Ha TpbbaTa Cb3ZaBa BbJiHA Ha
HasAraHe , KOATO NpeMMHaBa Mo AbJ/IKMHATA HA Tpbbata. [bpBOHAYaNHO BOAHMUAT
NOTOK CbC ckopocT (Vo) e nokasaH Ha (a). Korato BpataTta e 3aTBOpeHa, BOAHUAT
MOTOK B TpbbaTa MMa HaKJIOHHOCT Aa NPOAbJIKM Aa Teve, nopoAeH oT umnync. lo-
Hee TO3M MMNYJIC CNMpa CbC 3aTBAPAHETO Ha BpaTaTa, TOM NpeAn3BUKBA “BEPUIK-
Ha peakuma” cnep cebe cU, KMHETUYHATA eHEeprua Ha eJlieMeHTa Ha BoZa, HaMmpaly
B HaM-6/1M30 40 BpaTaTa € NpeBbpHaTa B EHEPrus Ha HansraHe, KOATO JIEKO CBMBA
BoZaTa M paslmpsBa nepmdepusta Ha TpbbaTa B Tasm Touka (b). ToBa gencreume
ce noBsTapsA OT C/ieAHUTE eNeMeHTU Ha BogaTta (C), M npeAHaTta BbJiHa C NOBULLEHO
HasiAraHe npeMuHasa no AbJ/iKMHATA Ha TpbbaTa AOKAaTO CKOpoCcTTa Ha Bogarta Vo e
paspylleHa, BojaTa ce CrbCTABa, a Tpbbarta ce paswmpsaAsa no uanara cu AbJxKMHa
(d). B TO31 MOMEHT, KMHETMYHATa EHeprma Ha BoJaTa € rnpeBbpHaTa B eHeprua Ha
HanpexeHue (Noj NoBMLLEHA HAaTUCK) U EHEPruA Ha HanpeXeHue Ha TpbbaTta (noa
MOBMLLEHO HArpeXKeHue).

lMoHeXe BogaTa BbB BOAOXPAHUMLLETO OCTaBa Noj HOPMaJIHO CTaTUYECKO Ha-
npexeHue, a BogaTta B TpbbaTa cera e noj NOBULIEHOTO HanAraHe, NOTOKbLT ce
3amna3Ba M ce 3acu/1Ba 0THOBO BbB BOAOXPAHMJIMLLETO CbC CKopocT Vo(e). TbM KaTo
BoZaTa Nnoj, KOMMpecusa 3anoysa ga Teye OTHOBO, Ha/IAraHeTo BbB BojaTa € Ha-
ManeHo A0 HOPMA/IHOTO CTATMYHO HanAaraHe. BbaHaTa Ha “pa3ToBapBaHe” Ha Ha-
NAraHe ToraBa Teye HaZony no TpbbaTa KbM BpaTata (f), AoKkaTo uAanaTa eHeprua
Ha HanpeXeHWeTo cTaHe obpaTHO KMHeTU4YHa eHeprua (g). Obaye, 3a pa3/MKa oT
cny4an (a), BogaTta cera Teye B 06paTHa NMocoka U Nopaan HEMHUS UMMYJIC, BogaTa
ce onuTBa OTHOBO Aa NOAAbP}KA Tasu CKOpOCT. [IpaBeMKM TOBa, T ONbBa €/IEeMEHTa
Ha BoZaTta HaM-6/1130 [0 BpaTaTa, KaTo Hama/ifBa HaasiraHeTo TaM M CBUBA TpbbaTa
(h). ToBa ce cnyyBa c nocnefoBaTe/IHUM eleMEHTM Ha BoJaTa M BbJiHA Ha OTpuuUa-
Te/IHO HasiAraHe ce pa3npocTpaHABa 06paTHO A0 BOAOXPaHUAMLLETO (i) AOKaTo LA-
nata Tpbba e noj KoMnpecua 1 Bojarta e noj HamasneHo HanaraHe (j). Tasu Bb/Ha
Ha OTpMUATEe/IHO Ha/lAraHe MOXe Ja MMa CbLUMAT abCoIITEH MAarHUTyj KaTo BbJl-
HaTa Ha NbpPBOHAYaJ/IHOTO MOJIOXMTE/IHO HAaNIAraHe, akKo ce AOMyCHe Ye He CbllecT-
ByBart 3arybu ot TpueHeto. CKOpoCTTa ToraBa ce Bpblia KbM HyJ/1a, HO MOHMMXKEHOTO
HanAraHe B TpbbaTa B CpaBHEHME C TOBAa BbB BOAOXPAHWIMLLETO Kapa BojaTa Aa
ce BbpHe obpaTHo B TpbbaTa (k). HanaraHeTo Ha npuaMBa ce BpbLia 06paTHO KbM
BpaTaTa (€) AOKaTo LeNMAT UMKDBbA e 3aBbpueH U 3anoyHe BTtopu (b). CkopocT-
Ta, C KOATO NPeAHOTO HanAraHe ce ABMXM € (PYHKUMA Ha CKOPOCTTa Ha 3BYKa BbB
BOZa, MoandUUMpaHa OT enacTMYHMTE XapaKTePMCTMKM Ha MaTepmasia Ha Tpbbara.
B pgenctBMTENHOCT, TpbbaTa B HAMOPHMA BOAOMNPOBOJ OOMKHOBEHO € HAKJ/IOHEHa,
HO edeKTbT 0CTaBa CblUMA, C HasiAraHe Ha NpMMBaA BbB BCAKA TOYKA Ha TpbbaTa
npr1baBeH MM U3BaZEH OT CTAaTUMYHOTO HanAraHe B Tasm Touka. Cblyo TaKa epeKTbT
Ha HamMasifiBaHe Ha TPUEHeTOo B TpbbaTa NoparkAa KMHEeTUYHaTa eHeprua Ha NoToKa
3a MOCTENEHHOTO pa3celBaHe M KonebaHMsa B aMnanTyaaTa Ha HanAraHeTo, KOMTo
HamasfaBaT C BpeMeTo. Bbnpeku, ye HAKOM Knanu ce 3aTBapAT MOYTM BHE3arHo,
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3aTBapsHETO 06MKHOBEHO Tpae HAKOJIKO CEKYHAM. Bce nak, ako Knanarta ce 3aTBo-
PV Npeau NbpBOHAYa/IHOTO HAa/NAraHe Ha NPMJIMBA CEe BbPHE B Kpad Ha BpaTaTa Ha
TpbbaTa (g), HaNaraHeTo Ha BbPXbT LE OCTAHE HEMPOMEHEHO - LiAnaTa KUHETUYHA
eHeprus, CbAbpKalla ce BbB BoAaTa HalM-6/1M30 [0 BpaTaTa lie 6bJe eBEHTYasIHO
TpaHcopMMpaHa B EHEPrusi Ha HanpexXeHue U Le AaZie pe3yTaT B CblUUs BPbX Ha
HaiAraHe, KaKTo aKo BpaTMTE Ca Ce 3aTBOPM/IM BHe3anHo. O6ave, ako BpaTaTta ce
€ 3aTBOpM/Ia CaMO YaCTMYHO, C BPEMETO MbPBOHAYA/IHOTO Ha/IAraHe Ha NpuanBa ce
BbpHE BbB BpaTtaTa (g), He LuAanaTta KUHETUYHA eHeprua e ce NpeBbpHE B eHeprmsa
Ha HanpeXeHWe M HA/IAraHeTo Ha Bbpxa e 6bAe No-HMCKO. AKo ToraBa BpaTtaTta
NPOABL/IXKM [la Ce 3aTBaps, KOETO 6M [10BEI0 A0 HaMa/IfiBaHE MOJIOKMTENIHOTO Ha-
NIAiraHe Ha NpuAMBa NPUYMHEHO OT HEraTMBHOTO HansAraHe (h) NpMAKMB, KOATO ce e
o6pa3syBa/l, KoraTo BpaTaTa € 3arno4Hasa MbpBOHaYa/iHO Ja ce 3aTBaps. lMocTeneH-
HO, aKO BpaTaTa Ce OTBOPM M/IM 3aTBOPM MOBEYE MbTU, OTKOJIKOTO € HEeo6X0AMMO
3a Ha/IAraHeTo Ha NpuAMBa Aa Ce ABUXKM KbM BOJOXPAHM/IULLETO M 06pPaTHO KbM
BpaTaTta, Ha/IfAraHeTo Ha BbpXa Ha NPWUIMBA € HaMaJlIEHO.

CKopocTTa Ha BbJiHaTa MJIM CKOPOCTTa Ha 3BYKa BbB BoJaTa € nNpubM3nTeIHO
1420 m/c. Obaye, BbaHaTa Ha CKOPOCTTa B TpbbaTa - CKOPOCTTa, C KOATO MpUIMB-
HOTO Ha/siAraHe nNpeMMHaBa Mo Tpbbara - € PYHKUMA, KAaKTO Ha eNacTUYHUTE Xapak-
TEPUCTMKM Ha BoZaTa, TaKa M HaA MaTepuasa Ha Tpbbara.

V Moxe ga 6'b,£l,e NnpueTa 3a paBHa Ha CKOPOCTTa Ha NMbpBOHa4Ya/IHMA NOTOK Ha
CKOPOCTTa V0. O6aqe, aKo e rno-ronAama ot Tc, ToraBa BbJ/iHaTa Ha HasAraHeTo [0cC-
TUra Knanata npegnM 14 ga ce € 3atBopMJia Hanb/IHO, M CBPbX-Ha/1AraHETO HAMa Ja
Ce pa3Bue HanbJ/IHO, MNMOHEXEe OTpa3eHaTa HeratMBHa €HeprmAa e KoOMneHcumpa 3a
NMOKa4YBaHETO Ha Ha/lAraHeTo.

IV.3.2. BoOeH nomok 8 omB8opeHU KaHa/u

B 3atBOpeHM TpbbM BOAaTa MOKpMBA LAsiaTa Tpbba, B OTBOPEHUTE KaHaM
BMHarn Mma cBoboaHa NoBbpXHOCT. HopMasiHO, cBOGOAHATa BOAHA NMOBBPXHOCT €
06€eKT Ha aTMOC(epHO HanaraHe, obWoO Ha30BaHO KaTo Hy/IeBO HanAraHe, U OOMK-
HOBEHO Ce CYMTa MOCTOAHHO 3a uAnaTa AbJ/KMHA Ha KaHana. Mo onpegeneH HaumH
TO3U haKT, Ype3 CBaNAHE Ha rpaHMuUaTa Ha HanAraHeTo yieCHABa aHa/IM3uTe, HO B
CbLLOTO BpeMe nocTaBsa HoBa gunema. JbnboynHata Ha BogaTta ce NpoOMeHs C yco-
BMATA HA NOTOKA, U B HECMOKOWHM BOAU HEMHOTO M3UYUC/IEHUE € YacT OT Npobiema.
Bcekn BMA KaHan, gaxke 1 B npaBa NOCOKa, MMa TpU-M3MEPEHO pa3npoCTpaHeHUe
Ha ckopocTTa. Zlo6pe ycTaHOBEH NPUHUMN BbB (hJlyMaHaTa MEXaHUKa, € Ye BCAKaA
YyacTMua NpU KOHTAKT C TBbpAa CTauMOHapHa rpaHuMua Mma CKopocT Hyaa. durypa
2.10 noka3Ba /IMHMMTE Ha M30-CKOPOCTTA B KaHaAuTe C pa3siMyeH npodpun. MaTte-
MaTHMYECKUAT NoAxXo4 ce 6a3upa Ha TeopuATa Ha FPAHUYHUA NAACT; MHXKEHEPHUAT
noaxoj TpA6Ba Aa ce 3aHMMae CbC cpejHaTa CKopocT V.

EAHO CNOKOEeH MOTOK B KaHa/l Ce CYMTa 3a TaKbB, KOrato Ab/604YMHaTa BbB
BCEKM YHACTBbK MO MNMPOTEKEHMNETO HE CE NMPOMEHA C BPEMETO, U HECMOKOMHO € Kora-
TO Ce NMPpoOMeEHA C BpPEMETO. lNoTOK®BT B OTBOPEH KaHan Tpﬂ6Ba Aa € NoCToAHEH, aKo
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AE6UTHT M Ab/IGOYMHATA HA BOAATa BbB BCEKM YHACTbK HE CE NMPOMEHSA C BPEMETO.
CbOTBETHO, CMATA CE Y€ € MPOMEH/IMB, KOrato JebMTbT M BoAHaTa 4b/I60YMHA Cce
MPOMEHAT MO MPOTEXKEHMETO Ha KaHasla. HepaBHOMEPEH MOTOK € PAAKO ABJEHUE, U
KOraTo MMa paBHOMEPHO TEeYEHME, Bb3MOMKHO € [ja Ce MOSBM CMOKOMHO paBHOMEp-
HO TeyeHue. CMOKOEH NPOMEHJIMB NMOTOK YECTO Ce OTHACA A0 MOCTENEHEH MU 6bP3.

v

triangular channel frapezoidal channel

shallow ditch natural watercourse

due. 2.2

IV.4. MNapeH noTok

Ll,FII'IOTO nponspexaaHe Ha BOJHa €HeprmAa 3aBMCHU OT NadallaTa BOJa. ToBa
npaBu XxmgpoeHeprmAaTta TBbpae 3aBMcella OT MECTOMOJIOKEHMETO. Ha NbpBO BpeMe
€ He06X0AMMO A0CTaTbYEH U HaIMYEH NnapeH NnoToK. Ha BTOPO MACTO, TOI'IOI'paCbCKM-
TE yCJ/10OBMA Ha 06eKTa MoraT Aa No3BONAT NOCTENEHHOTO NMOHMMKEHME Ha peKkaTa B
pe4YHOTO nNpoTexeHne Aa 6bae KOHLUEHTPMPaHO B €Ha TO4Ka, AaBal‘;IKM AoCTaTbyeH
Harop 3a [o6KMBaHe Ha eHeprua. To3un Harop MoXe Aa Ce Noay4un, 4pes n3rpaxkjgaHe
Ha 6eHTOBEe BbB BOAATA, napazie/IHO Ha peKaTa BbB BOAHMA KaHa/l C MaJIKM1 3ary6|4
Ha Harnop B CpaBHEHUNE C eCTeCTBEHUTE NOTOUU, UM MHOTO YECTO, OT KOMOMHaumA
MeXay ABeTe. I'InaHMpaHeTo Ha eKCnjoatmpaHeTo Ha BOAMTE OT NMPOTEXKEHNETO Ha
peKkaTta Uau CI'IeLIMCI)W-IeH 06EKT e egHo npean3BmMKaTesICTBo, C KOETO Ce conbCKBaT
XNApo-nHxeHepuTte, TbM KaTo Ha NpakTMKa MMa MHOFO6pOl:'IHM Ha4nHH, NO KOMUTO
€JHa peKa MOoXe Ja 6bJe M3non3BaHa.

EAWH MHXeHep xuaposior TpAGBa Aa HAMEPU ONTMMAJTHOTO peLleHMe 3a KOHPU-
rypauMaTa Ha LeHTpanarta, BKAYMTE/IHO BMAa Ha GeHTa, cMcTemMaTta 3a NnpeHocBa-
He Ha BOAa, MHCTa/IMPaHMA KanaumMteT Ha AOOMB, PasnosiOKEHUETO Ha pas3/IMYHUTE
CbOPBKEHUA U AP. YCNexbT Ha €AUH XMAPO-UHKEHEP 3aBMCH OT ONMTA U Hau-BeYe
OT ,,apTUCTUYHMA” MY TaNlaHT, TbM KaTO HE € Bb3MOKEH €MH CTPMKTEH MaTeMaTH-
YeCKM noaxos Ha onTMMM3aLMA, NOPaAN MHOXECTBOTO Bb3MOXHOCTM U CNeundUKn
Ha CTPOUTENHUTE NJIOWALKMN (0OEKTH).

Korato ce onpeaenv eaHa cTpouTe iHa NJOLA/AKa 3a NOAX0AALL0 MACTO 3a MU3-
rpaskJaHe Ha XMapoueHTpasia oT TornorpadKca rieAHa TouKa, MbpeaTa 3aja4a e ja
ce Npoy4YMu HA/IMYHOCTTA Ha aJEKBATHO BOAOCHA6 ABaHe. 3a HEOpa3MeEpPEHO peu-
HO KOPWUTO, KbJETO He ca HabaJaBaHU OTToUM/ 4eBUTU OT AbAro BpemMe, TYK ce
BKJ1I0MBA HayKaTa XMAPOJIOrmsa, YHEHMETO 3a JbXKA0BETE M ABUNKEHMETO Ha MOTOKA,
M3MEPBAHETO HA OTTMYAHETO Ha 6acenHa, pe3epBOapHUTE 30HM, TPAHCMNOpPTUPaHe-
TO Ha M3MapeHUATa M reosiIoruAaTa Ha NoBbPXHOCTTA.
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duryparta MncTpmpa Kak BOAHMAT NMOTOK OT TOYKa A KbM TOYKa B, ¢ KoTu/Bu-
counHu ZA u ZB, ry6um noTeHumanHaTa eHeprus CboTBETCTBALLA Ha KarKa BbB BMCO-
ymHa. Tasu 3aryba Ha NoTeHuMasHa eHeprus ce NosiBsBa HE3aBMCUMMO OT MbTeKaTa
Mo NPOTEXEHME HA BOAHMA KaHaN UM Npe3 0TBOPEHMSA KaHasl, HanopHMsA BoAOMpo-
BOJ M TypbuHa. 3ary6ata Ha NoTeHUMaiHa eHeprma Moxe Ja 6bJe npeBbpHaTa B
3ary6a Ha eHeprus 4Ypes c/ieHOTO YpaBHEHUE:

P=QHyy

BogaTa Moxke a cneaBa peYyHOTO KOPUTO, Fy6erKM eHeprusTa cu ypes puK-
uMA U TypbyieHUuMs B pe3ysiTaT OT MoKayBaHe Ha TemnepaTtypaTta Mo KpauilaTta Ha
BoZaTta. Mam Moxe aa Teye oT A KbM B upes cucTeMa 3a M3KYCTBEHO NMpeHacsaHe Ha
BOZJa C TYp6UHa B J0JIHMA CM KpaW. B To3m ciyyam, eHeprmsTa e ce non3sa Hau-
BeYe 3a 3aJBMKBaHe Ha Typ6UHa, M MaJIKa YacT OT eHepruaATa ce ryéu BbB hpuKLMA
BbB BOAOMNPEHOCHaTa cuctema. B nocneaHma cnyyan, 3ary6ata Ha eHeprus, npe-
MWHaBallla Npe3 TypouHaTa Lie ce NpeBbpHE B MEXaHUYHA €Heprus 1 Toraea, Ypes
poTaLMsA Ha reHepaTopa e ce Npou3Bee eleKTpMYecTBo.

Ll,enTa € [Ja C€ HaMaJIAT pa3xXoanuTe 3a CTpOMTE/ICTBO, AOKATO CE€ CbXpaHABa
MaKCMMa/iHaTa CTOMHOCT Ha HaJIM4yHaTa €Heprma 3a BbpTEHE Ha redHepartopa. 3a
Aa ce N34UCanM BoaHMA noTteHuuan, TpFI6Ba Aa Cce 3Hae€ BapMaumnATa Ha U3rnpasBaHe
npes3 uAasata rogmHa M KOJIKO rosiadM € HaJIM4HUAT Hamnop. B Ha171-p,06pMTe obcTos-
TEJICTBa XMAPOJIOXKKUTE OpraHu 6u1xa MHCTa/Ipa/in €4AHa UHCTaJ1aUuMA 3a USMEPBaHE
no nNpoTtexeHmne Ha NoToka, M peaoBHO We ce c1>614paT AdaHHAN 3a ABNAKEHUETO Ha
NOTOKa 3a HAKOJIKO NoAMHU.

3a cbKasieHMe, JocTa € HeobUYaMHO a 6bje M3BbPLIBaHO PeOBHO M3MEpPBa-
HE MO MPOTEXKEHMETO Ha peKaTa, KbAETO € NPeA/IoKEeHO pa3paboTBAHETO HA MasiKa
xuapocxema. O6aye, aKo ToBa Ce C/yyu, TO TOraea Le 6bje JOCTaTbyHO Ja ce
Bb3M0/13Ba OT €JMH MM NOoBeYe MOAXOAM, KOMTO Ja Ce MoJi3BaT 3a U3YUC/IEHME
CpefHUA roAMmLLEH MOTOK B AbJIrOCPOYEH MJIAaH M KpUBATa Ha NPOAb/IKMTENHOCTTA
Ha MOTOKa MO NMPOTEXEHUETO (TE3M MOAXOAM e 6bAAaT 06ACHEHU MO-KbCHO).

Janv we ce ciyum MAM He pefloBHOTO M3MepBaHe, MbpBaTa CTbMKa € Ja ce
HanpasM Npoy4YBaHe, 3a Ja ce NoTBbPAM, Aa/IM MMa [laHHM 3a [BMXKEHUE Mo npoTe-
JKeHMe Ha 3acerHata peka. AKO HsiMa, TO TOBa Liie Ce C/yuYM Mo ApYro NpoTexKeHue B
cbllata peKka Mau B NolobHa peKa B 6/1M30CT, KOATO Zla MO3BOJIM NPEYCTPOMCTBOTO
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B nocz1iea4oBaTe€/IHOCT Ha BpPpEMETO 3a CbOTBETHOTO MPOTEXKEHME Ha pEKaTa.

IV.4.1. U34yucneHue Ha kanayumema Ha yeHmpasiama u dobusa Ha eHepaus

FDC npefocTtaBAT cpeAcTBa 3a M360p Ha NPaBU/IHU peLLUEHMA 3a NoJyyYaBaHe
Ha AeOMT Ha BOAAa, M KaTo Ce B3eMaT npeaBuA pe3epBHUA NMOTOK M MUHUMAHUA
TEXHMYECKM NOTOK Ha TypoMHaTa, Ce NpaBu M3YMCIABAHETO Ha KanauyMTeTa Ha 3aBo-
Aa v cpegHuA roamileH 4oobms Ha eHeprua. durypa 3.12 nokassa, Ye FDC Ha cTpou-
Te/iHaTa nJjowajaKa Tpa6sa Aa 6bae usduncaeH. Tpsabsa ga ce onpeaesiv NpoOeKTHOTO
TeyeHue 4pes npouec Ha ONTMMM3auMA, KaTo ce M3cnegBa obcera Ha pasIMyHM
T€YEHMA, KOMTO OOMKHOBEHO AaBaT OMNTMMA/IHO NMPOEKTHO MPOYy4YBaHE 3HAYMTEJIHO
MO-roNAMO OTKOJIKOTO pas/iMkaTta MeXay CpeAHMs roAMLILEH MOTOK U pe3epBHUA
notok. Cnea Kato BeAHBXK Ce onpeaesivi NMPOeKTHMA MOTOK U Ce€ U3YMUCM HeTHaTa
CTOMHOCT Ha Harnopa, LWe ce onpeaeny noaxoasl, Bua TypbrHa (06bpHETE ce KbM
naBa 6). ®urypa 3.12 nokassa nosizBaema 06/1aCcT Ha KpuBaTa Ha NPoOAb/IKUTEN-
HOCTTa Ha NOTOKa. BcsaKa u3bpaHa Typ6MHa MMa MMHMMA/IEH TEXHUYECKMU MOTOK (C
No-ManbK AeOUT TypoMHaTa MK HE MOXe Aa PYHKUMOHMPA UM MMA MHOIO MaJiKa
e(EKTUBHOCT) U HeMHATa eDEKTUBHOCT € DYHKLMA Ha OnepaLMOHHUS 1e6UT.

-

E
o 2
o Y X N b \‘\ i
0% 20% 40% 60% B0% 100%
% of time flow s equalled or excesded
-’3, | resasrved fwow ”l ”_]_l, usefun area

CpeaHata roaumiuHa eHeprumHa npoussoamtenHocT e (E in kWh) dyHKums Ha:
E=t (Qmedian_, Hu_, Tturbiner Y] gearbox, 1transformer, Y, h)

KbvaeTto:

4 Qnedian= TeyeHue B m3/s 3a HapacTBaluiM CTBIMKU B KpMBaTa Ha NpoabJ/TIKUTE-
HOCTTa Ha NOTOKa

» H = cneuncmyeH HeTeH Hamop

» K 1= EPUKACHOCT Ha Typ6MHaTa, yHKUMA Ha Qmedian
P Kenerator= €PEKTMBHOCT Ha reHepaTopa
» K = e(PeKTMBHOCT Ha CKOPOCTHaTa KyTus

gearbox

» K = e(peKTMBHOCT Ha TpaHchopmaTopa

transformer
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» y = cneundmryHo Terso Ha Bogata (9.81 KN/m?)
» h = 6pos Ha YyacoBeTe, B KOUTO ce NosBaABa cneumdpmyHUA NOTOK.

MpoM3BOACTBOTO HA EHEPrUATa MOXE Aa Ce M3UYUC/IM Ype3 pasaesiaHe Ha Non3-
BaemaTta 06/s1acT BbB BepTMKana 5% HapacTBaly CTbMKM, 3anoysBaliy OT MbpBO-
n3TouHuKa. KpamHata uemua ce npecuya FDC B Q,  mn Qp KOMTO BMHaru e

UH ©3epBeEH o
no-ronamM. 3a BcAKa mBMUa Q... € M34MC/IeHa, CboTBeTCTBaljaTa CTOMHOCT Ha
TypbuHata h . € onpejesieHa 3a CbOTBETCTBallaTa KpMBa Ha €(hEKTUBHOCTTA, U
€HEPrMMHUAT NPMHOC Ha UBMLATA € U3YMCIEH CbC CNEAHOTO YpaBHEHUE:

-~

E =W X Qmedian X H X Cturbine X Cgenerator X Cgearbox X Ctransformer X Oxh

Kbvaeto:

» W = wnpunHa Ha meuuata = 0.05 3a BCUYKM UBMUM C U3KIKOHYEHME Ha Nocnea-
HaTa, KOATO TpAGBa Aa Ce U34YMCIU

» h = 6poi yacoBe B rognHaTa
» y = cneundmnyHo Terso Ha Bogata (9.81 KN/m?)

CpefHOTO roamHO NPOM3BOACTBO Ha EHEPrusa ce M34YMUCIABA KaTo ce Cymupa
NMPMHOCHT Ha €Heprua 3a BCsAKa MBMua. KanauyTteTbT Ha BCAKa TypouHa (kW) we
6bJle JaZEH OT NPOJAYKTa Ha HETHMA MPOEKTEH MOTOK (mM3/s), HETHA CTOMHOCT Ha
Hanopa (M), epeKTMBHOCT Ha TypbuHaTa (%), U cneumdn4HOTO TEersi0 Ha BoAaTa
(KNm?3).

Bua Ha TypbuHaTa QmuH(% of QnpoeKTeH)
Francis 50
Semi Kaplan 30
Kaplan 15
Pelton 10
Turgo 20
Butno/nepka 75

HMBO Ha ropHOTO TeYeHMe Ha BogaTa MOXe Jja Bapvpa B NOTOKa. AKO BXOJ-
HMAT KaHa/l Ha e3epLeTo Ce KOHTPo/Mpa OT 6eHT 3a NpefoTBpaTABaHe Ha npesu-
BaHe 6e3 BpaTh, HMBOTO Ha pPeKara Lie ce MoKayu C Ha/IMYMETO Ha NoToKa. Ho ako
BXOJHMAT KaHa/ll Ha e3epLeTo Ce KOHTPo/Mpa OT BpaTH, 3a Ja (YHKLMOHMPA Ha
cneumMdUYHOTO HMBO Ha BOAOXPAHMU/IULLETO, HUBOTO HA BOZATa MOXKE /1a OCTAHE Mo-
CTOSIHHO JlaXKe MU Mpe3 nepuoamTe Ha BUCOKM BoaM. [pes nepuoaa Ha HUCKKM BOAM,
HMBOTO HA FOPHOTO TEYEHME HA BOAMTE MOXKE Aa CnajHe nopaau OoTApbrBaHe Ha
BOJOXPaHWU/IULLETO.

3ary6|4 B Hamnopa B aAyKUMOHHaTa CUCTeMa BapUupa B KBaZpaTa Ha NO3BOJiE-
HNA MOTOK, N TaKa 3a CE30HUTE C HNCDBK MNMOTOK Ha Typ6MHMTe, 3ary6MTe B Hamnopa B
ayKUMOHHaTa CMCTEéMa MoraT Ja 6bAaT 3HAYUTE/THO HAMAIEHM.

HuBO Ha AO/NHOTO TeyeHMe Ha BogaTa MoOXKe ja Bapupa C NOTOKa. ToBa
3aBMUCK OT BOAHMA KOpNyC, B KOETO BOAaTa Ce MU3IMyCKa. AKO OTTMYaAHEeTO CTaBa AM-
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PEKTHO B FOPHOTO TEYEHME Ha €3epLEeTO, KOHTPO/IMPAHO OT BpaTW B /I0/IHOTO Te-
YyeHWe, HMBOTO Ha BOJATa MOXE Jia OCTaHe MOCTOAHHO AaKe Mpe3 MbJIHOBOAHMTE
ce30HU. AKO BoziaTa ce OTTUYA B €CTECTBEH MOTOK, HMBATa Ha BOAMUTE Cbllo MoraTt
[la Bapupar 3HauMTesHO.

HWBOTO Ha ropHOTO TeyeHne OOMKHOBEHO Ce 3ana3Ba [0 HMBOTO Ha MpesmB-
HWKa, Korato uasata peka npeMmHaBsa npes TypouHute. Korato gebmta HagsuLlaBa
MaKCMMyMa Ha JebuTta Ha TYpOUHUTE, U3JIMWIHUAT NOTOK MMHABA HaZ NpesiMBHUKA.
HWBOTO Ha BOAOXpPaHUAULLETO OTFOBapPALLO Ha pas/IMYHMUTE NOTOLUM Ha NpeIMBHMKA
MO’K€e NEeCHO Aa Ce M34YMC/M. B To3u cnyyal Ha M3MepBaHETO Ha Haropa Ha npe-
JIMBHMKA HME MMaMe eJHOBPEMEHHO HMBOTO Ha MOBBPXHOCTTA HA BXOAHMA KaHan u
BOAHUA AEOUT (BKIIOUYUTENHO febuTa OT TYpOUHUTE).

IV.5. OueHkKa Ha obeKTa

BpyTHMAT Hanop Moxe Ja 6bae NIeCHO M3YMUC/IEH, MU Ype3 3aCHeMaHe Ha
TepeHa, nsnonssankm GPS (Global Positioning System) uau nocpeacTsom opTorpa-
dryeckn TexHnkn. C noMoLiTa Ha MHXKEHEPHU XMAPABANYHU MPUHLMNKU, OTPa3eHM
B [NaBa 2 MoXe Ja 6bJe onpeaenn HETHUA Hanop. He3aBUMCMMO OT M360pa Ha HaM-
NOAXO4ALLO TEXHMYECKO pelueHMe 3a ob6eKTa, ToBa e Aaje pe3ynTtar B Ab/ruA,
MnoBTapALY Ce npouec, KbaeTo TonorpaduaTa Ha NpobemMuTe Ha OKOJIHaTa cpeja 3a
onpeaeneHna ciyyar ca Ham-BaxkHW. ETo 3aulo, TpsA6Ba fa ce 3HaAT NpUHUMNUTE,
3a Ja ce n3berHaT onacH1MTe aBapuu BbB PYHKUMOHUPAHETO Ha LeHTpanaTta. TexHo-
JIOrUMTE Ha 3aCHEMaHe ca npeTbpresit peBOIOLUMOHHM NPOMEHMU, U U3MNONA3BAHETO
Ha CNoOMeHaTMTe Mo-rope TEXHOJIOrMM MoraT fa AonpuHecaT B NMPOEKTUPAHETO Ha
CXemaTa M Hama/ISBaHEeTO Ha HEMHUTE pa3Xoau.

IV.5.1. Kapmoepagusa

B uHAyCTpManHuTe CTpaHM, OGMKHOBEHO C€ HaMMpaT MallabHu KapTu. Tepu-
TopuaTta Ha EC e 6una, n e gurutanusmpaHa, 1 Kaptorpadpumara ¢ mawab 1:5 000
Beye e Hanm4vHa. OT gpyra CcTpaHa, B pa3BMBaLLMTE Ce€ CTPaHU, TE€3M KOMUTO NpaBAT
pa3paboTKu We 6baaT WacT/IMBM ako HaMepAT KapTh ¢ Mawwab 1:25 000.

Bb3aywHUTE CHUMKM Ha TornorpacdmsAaTa MoraT Aa 6bAaT 3aMeCcTeHM OT KapTH,
aKo He morar Ja 6bJaT HaMepeHU C HeobxoanMMsA mMallab. Obaye Bb3ayLLHMTE dhoTo-
rpacmu He ca KaTo KapTUTE MO OTHOLLEHWE Ha eWH BaxkeH acneKkT. EgHa KapTta uma
e/IHo06pa3eH UM KOHTPOJIMpaHO Bapupall, Mallab, KaTto nocaeaHus 3aBUCK oT 1360-
pa Ha NpoeKTMpaHe Ha KapTaTa. Bb3aywHute cdotorpadum, oT Agpyra cTpaHa, HaMaT
MOCTOAHEH UM eHO06pa3eH Mallab. KaTo M3KI0UYMM HECHBBbPLIEHCTBATA, KOMTO 3a
BCUYKM MPaKTUUYECKM LE/IM MOraT Ja 6bJaT CYETEHM 3a NPEHEOPEKUTENHM, ABA OC-
HOBHM (baKTOpa Ca OTrOBOPHM 3a BapMauumTe B Mallaba Ha doTtorpadusTa:

» Tonorpadckuat pened - TepeH, HE3ABMCUMO KOJIKO € PaBEH, HMKOra He e
XOPU30HTAJIEH - W...



OnucaHue Ha mexHos02uume, U3N0/138aHU 8 cmpoumesicmsomo Ha XU@pOé’ﬂeKmpU‘-IeCKU yeHmpasau 129

» Hak/NOHBT Ha onTMYecKaTa oc Ha poToanapara.

MoaepHuTe dhoToanapaTv ca CNoco6HM Ja npemaxeaT AedopmaummTe, B pe-
3yATaT OT HaKJiIoHa Ha ocTa. Oule noeevye Bb3aywWwHUTE doTorpacdmm morat aa 6b-
JlaT pasrnexaaHn CTePeoCKONCKU UK B Tpu M3MepeHus. CTEPEOCKONCKUAT edeKT
MO3BO/IIBA Ha reoJsiora Ja onpejenu BUAa Ha CKanaTta, [a onpejenu reosioxkara
CTPYKTYpa M [la Y/I0BM HAKJ/IOHA, a MHXXEHEPBT MMa Bb3MOXKHOCTTA Jla cbbepe He-
o6xoaMMaTa MHbOPMaUMA 3a M3rparkJaHETO HA A30BMPA, OTBOPEHWUS KaHan WM
HaMopHWs BOAOMNPOBOA.

B 3aBMCMMOCT OT HeobxoaumaTta TOYHOCT, AMrMTanHuTe doTtorpacdmm morart
Aa 6bJaT reokogmMpaHuM (CBbp3aHM C KOOpAMHATHaTa CMCTEMA M NMPOEKTUPAHETO Ha
KapTaTta), opToKopurmpaHu. Jedopmaummte ot newmte Ha ¢oToanaparta ce npe-
MaxBaT, KaTo Ce M3M0A3BaT 3€MHU KOHTPOJIHM TOYKM OT KapTuTe, reogesnyHa mH-
dopmauma nam sektopute Ha GPS. ToBa € MHOro peHTabuaeH Ha4yMH 3a npaBeHe
Ha OPTOKOpPUIrMpaHu Bb3ayLwHu cotorpadum. Pesontoumm ot 30 cm 40 € AMH MeTbp
MoraTt Aa Ce o4akBaT B gurutanHuTte optodoToCcu. MoraT ga ce u3BaAAT, KaKTo
XapTUEHOTO KOMMe Taka M CHMMKaTa B AuUrmTasieH BapuaHT Ha gucketa mav CDROM.

C Te3M KapTh € Bb3MOXKHO Zia Ce JIoKaM3npa BXOAHUA KaHan, Aa ce npocsieam
OTBOPEHMSA KaHan M Aa Ce No3uuUMOHMpa LEeHTpanarta, € 4oCTaTbyHa NPELM3HOCT 3a
NPOyYBaHMATA 3@ OCHLLECTBMMOCT M JaXKe 3a MHBECTUTOPMTE Aa y4acTBaT B TPbKHaA
¢dasza 3a CTPOUTENCTBO.

CbC cTepeockonckuTe doTorpacdmm morat 4ecTo Ja 6baaT MAeHTUDMLUMPAHM
reoN0XKKU NpobsieMn, 0COBEHO TE3M, Kacaely CTAabMIHOCTTA Ha HaKJ/IoHa, KOMTO
MOXKe Ja NMPUYMHM OMACHM CUTYaLMM.

IV.5.2. F’eoxumMu4ecku npoy4saHusa

MHoro yecTo HeO6XO,DMMOCTTa Aa ce npoueaupa C gurutaJiH1M npoy4yBaHmA Ha
o6eKTa ce nogueHasa. B MHoro cqlydam C naadvyeBHU nocnegCcrtBrUA- NMPpOCMYKBaHe
noaj 6eHTa, yJ1eN B OTBOPEHUN KaHa/IM U Ap.

3a wactme B CcTpaHuTe YneHkn Ha EC, a n1 B MHOro gpyru cTpaHu no CBeTa,
J106p1TE Tre0sJIOXKKU KapTWM NMO3BOJIABAT MbpPBOHAYa/IHO OLEHABAHE 3a CMIYPHOCTTA
Ha OCHOBMTE Ha 6eHTOBETE, CTAaOMIHOCT Ha CK/I0HA U MPOMYCK/IMBOCTTA Ha TEPEHa.
Ob6aye, noHAkora Tasu MHdoOpMauMsa TpAbGBa Aa ce AOMbJIHM C Nonesa paboTa, B
YaCTHOCT - COHAMpPAHE U B3eMaHe Ha Npoou.

XuapaB/MYHMUTE CbOPbKEHUS TPsIGBa la Cé HaMMpaT Ha HMBOTO Ha OCHOBaTa,
C NOAXOAALM CTPAHMYHM HAKJIOHM M LUMPUHM, KOMTO Jia HEe ca 06EKT Ha Npo6aemm
CbC cTabunHocTTa. ChlEeCcTBYBAT rossiM 6pOM KOMMIOTbPHM NporpamMu 3a CTabun-
HOCT Ha CKJ/IOHa, BapupallM OT NPOCTU ABYM3MEPHMU MOAXOAM [0 MO-C/IOXKHU TPUM3-
MEPHM rpacMyHM aHaIM3K C MbJIHM LBeToBE. KaTasorbT Ha HeycrnexuTe, 0CO6EHO B
AM3aMHa Ha KaHa/IMTe e TOJIKOBA ro/iIIM, Y€ MUHMMAJIHUTE reoMopd0I0rMYHU MNpo-
y4YBaHMS Ha TEpPEHA Ca NPENOpbUYUTE/IHM OLLEe B NMbpBa ¢asa Ha npoekTa. lpobe-
MbBT € 0C06€eHO Habo/IA/1 NPU CXEMMTE BbB BUCOKMTE YacTM Ha MJIAHUHUTE, KbAETO
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CTPOMTE/NICTBOTO MOXKE A1a 6b/ie B 30HA C epo3mMpasia NOBbPXHOCT, 3aCerHara oT pas-
JMYHM reoMOpPdOIOrMYHU XapaKTEPUCTMKM, KaTO HanpMMEp CASraHe Ha Mo4saTta,
CONUMDYKLMA, POTALMOHHM U MJIOCKM CB/IMYAHMSA Ha MoYBaTa M NaZaHe Ha KaMbHM.

beHTbT M cboTBETCTBAWMA MY pe3epBoap Morart Aa 6bAaT 3acerHaTt oT HecTa-
OGMNHOCTTA Ha NOBBPXHOCTUTE o6pa3yBaH|4$|, KOUTO MOXe Ada Ca Ha/IM4HM B 30HATa
Ha TOBa B/IMAHUE, HO B CbLLUOTO BpEME CaMOTO €3epLe MoXKe Aa NoBJ/InAe Ha CblUTE
TEe3U O6pa3yBaHMFI. AKO GEHTDBT TpF|6Ba Aa Cé HaMMpa Ha 3a3paBe€Ha 3€MHa NJioL,
BapnaunmTe Ha BOAHOTO HMBO MOrat Aa NMpUYNHAT HeCTabu/IHOCT Ha MOKpHUTE Ha-
KJIOHM Ha BOAOXPaHU/INLLETO.

MoKpan OTBOPEHMUTE KaHa/IM, MHOTO ApYr1 reoMopd0sIorMYHU XapaKTepUCTU-
KM MOraT CEpMO3HO Ja 3acerHaT n3bpaHaTta My JIMHWUA, KOUTO 3a€HO CbC CTPbMHMA
HaK/IOH MoraT ga AoBeJaT A0 MOTeHUMasiHa HecTabuaHocT. CKasHUTE OT/IOMKM B
MOAHOXMETO H CKa/IMTE M NpoLECHTEe Ha CONMMMYKLMSA Ca MHOrO aKTUBHWM BbB BU-
COKWMTE YaCTM Ha NJIAHMHUTE, KbAETO NMOAMNOYBEHWUA C/IOM € CE30HHO MJ/IM MOCTOSH-
HO MOKDBP- T€3M Ca HAKOM OT XapaKTEPUCTUKUTE, KOMTO MoraT Aa KOMnpoMeTmpart
CTabMIHOCTTA Ha KaHana.

MpenopbyBaT Ce OTBOAHUTEIHUTE MAHUMYNALMMU, U3TPAKAAHETO HA MAUTUYMHU
M TOPKETUPAHE M MHOro ApYrv. B Kpas Ha KaHana, Wao3bT A4eMCTBA KaTO MUHU-pe-
3epBoap 3a HanopHMA BOAOMNPOBOA. YecTo BlacTMTe HacToABaT, BbpXY LiA1aTa Boja
3a/1bpKallla Ce B 30HMTE HA HacunuTe a M 6bAe M3BbPILLEH aHa/IM3 3a CTABUTHOCT,
HE3aBMCMMO OT TEXHMTE KOHPUrypaummu. TpaceTo Ha HanopHWUA BOAOMPOBO/ O6MK-
HOBEHO CE€ MO3MLMOHMPA Ha CTPbMEH CKJIOH, KOETO Cb3JaBa Npo6/eMM, KaKTo 3a
aHKepHWTE 6/10KOBE, TaKa CbLIO M 3a BM3Ya/IHOTO B/USHME.

AbN6OKO B A0/IMHATA, YECTO NMOCTPOEHU BbPXY CTapu TEPACK Ha PEKM, OCHO-
BUTE Ha LEHTpa/IMTe MNOCTaBAT NPO6JEMM, KOMTO HABPEMETO HE Ca MOr/IM Aa ce
pellaT, HO cera 6mMxa MOr/JiM Aa Ce peLiaT caMo Ype3 MoJI3BaHE Ha TEXHWUKM, KaTo
CbBPEMEHHMA METOJ, MHKEKTMPAHE Ha LMMEHTOB Pa3TBOP B HamyKaHW CKau.

B reosio)KaTta HayKa Mma LUIMPOK CMEKTbP OT reOMOPdOIOrMYHU TEXHMKM, KOM-
TO MOraT Ja ce MoJsi3BaT, U Ham- obLMTE TaKMBa ca:

» dotoreonorna. Kakto 6e cnomeHato no-rope gotorpameTpmsa - ¢ MaLabm
oT 1:10 000 go 1:5 000 - no3BossiBa Ha e4MH reosior ga onpeaesiv BMAaa Ha
CKaslaTa, Aa onpeaesiM HeMHaTa CTPYKTypa M Aa 3acevye HeCTabMIHOCTTa Ha
CKJ/IOHA.

» Teomopdonornunm Kaptu. PesyntatvT oT poTorpaMeTpmyHmMTE aHanmsmn, 4o-
MbJIHEHM C pe3yaTaTuUTe OT NONEBUTE 3aCHEMaHMA TpAGBa Aa Ce CbuyeTaAr
BbpXy reomopdosiormyHata Kapta. Tasm KapTa ce 6a3upa Ha Tonorpadcka-
Ta KapTa M e CbCTaBeHa B Mawaou mexay 1:10 000 v 1:5 000, HagnexHo
KnacmduumMpaHm, Non3BamMku NPOCTM CUMBOJIM, MOraT Ja ce NnoKakaTt BCHY-
KM 06pa3yBaHMA MO MOBBbPXHOCTTA, KOMTO AaBaT OTpaXKeHue BbpXy nNpeaso-
YKEHOTO XMAPaBAMYHO CbOPBKEHME.

» NlabopatopHu aHanusun. TPaJULIMOHHUTE NAa6OPATOPHU TECTOBE, KaKbBTO € Orl-
peAeNsHEeTO Ha rpaHy/IOMETPUYHMSA CbCTAB Ha MoYBaTa U KaacuduLmMpaHeTo
M TPU-OCHO KOHCOJIMAMPAHE Y/iecHABa KnacuduMKauma Ha 06pasyBaHMATA MO
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NnoBbpXHOCTTA. Pe3yntatute we 6baaT BKAOYEHU B reoMopdUuyHaTa KapTa.

» feopusnuHmn nscnegsBaHua. HeszaBuCMMO Jasim e €/1IEKTPU4ECKO 1IN CEU3-
MHUYHO FeO(bI/I3l4‘-IHOTO nicsegBaHe (‘-Ip63 OTpa3FIBaHe) e aoripHece 3a no
,D,O6pOTO no3HaBaHe Ha AgebeinHaTa Ha NOBBbPXHOCTHUTE O6pa3yBaHMH, pas-
NOJI0OKEHNETO Ha y4YaCTbUMTE CbC CBJ1aYMlla, LUMPKY/1laUMATA Ha BbTPELLHU
BOAU, N BOJTYMETPHUYHOTO 3HA4YE€HME Ha NOTEHLMAJTHO U HecTabuaHUTe o6pa-
3yBaHHUA.

> CTPYKTYPHU FreoNoXKM aHanmsu. Bbnpeku, ye He e TMNMYHa reoMopooruy-
Ha TEXHOJIOMMSA, TS MOXKE Zla MOMOrHe Ja ce pa3peluat npobsiemuTte ¢ 6acen-
Ha M B Te3M C/lydaM, Kbje Ja 6bAaT NOCTABEHM XUAPABINYHUTE MPOBOAM
M TYHENM B CKaNHMA MacuB. CTabMIHOCTTA HA CK/IOHA M NMPOCMYKBAHETO B
OCHOBMTE Ha XMAPaBJIMYHMUTE CHOPBKEHUS Ca NPObBJIEMM, KOUTO MoraT Ja
ce paspellaTt Ypes Ta3m MeTOoA0/10rMs, KaTo ce M3berHaT ApamaTUYHU MHUM-
JEHTU MO BpeMe Ha onepaumaTa.

» AMPEKTHU NPOyYBaHUA - COHAAXMU. T0Ba € pAABK NOAXO04 3a Pa3BUTMETO Ha
ManKku xmapocxemu. O6aye, Korato 6EHTHT MM NPENMBHMKA C€ HamMupat
BbpPXY HE3a3JpaBeH C/I0M, COHJAXKHaTa Nnporpama, nocseaBaHa oT nabopa-
TOPHM TECTOBE Ha B3eTUTE MPOo6U € OT 0CO6EHO 3HayeHMe. HAKoM oT Tesu
NpenopbYUTENHM TECTOBE Ca:

= TecToBe 3a NMPOMYKA€MOCT B COHJaXHUTE AYINKN, KAKbBTO € TeCTbT Ha
ﬂyFGOH unn TecTa Ha HUCKOTO HanAraHe, 3a ga ce onpeaenn umpkKyia-
UMATa Ha BOJa B OCHOBMUTE.

= /labopaTOpHU TECTOBE 3a OMnpeje/isiHe Ha CM1aTa Ha CBMBAHE Ha NPo6MU-
Te, 3a onpe/e/iaHe Ha TEXHUTE XapaKTEPUCTHKM.

Jlonb/IBaMKM ropecrnoMeHaTmTe TectoBe reodmsmyHaTa ceMsmMmuyHa npoba Ha
npevyneaHe 3a onpejensiHe Ha MOAY/IM Ha AMHaMM4YHa Jedopmaumsa Ha CKaJIHUS
MacuB B AbJI60YMHA Ce NpernopbyBa B C/ly4amTe Ha BUCOKM A30BUPM.

IV.6. XuapaB/IM4HO CHOPBKEHME

PasBMTMETO Ha XMAPOEHEpPrusATa BK/OYBA peamLa CbOPbKEHUS, NPOEKTMPa-
HETO Ha KOMTO 3aBMCM OT BMAA Ha CXEMaTa, MECTHMUTE YC/I0BMSA, AOCTbMA A0 CTPO-
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UTEJIHN MaTeEPUa/IM a CbLLO U MEeCTHUTE Tpaa1LMH1 B CTPOUTE/ICTBOTO B CTpaHaTa M
permoHa. ChegHuTe CbOpPbXKEHUA Ca YECTO CpeLlaHn B XMapocxemure:

» OTBOAHMU CBHOPDBKEHUA

= beHT

= [pennBHUK

= OpraHu3auma 3a pasnpegesisHe Ha eHepruaTa

= PWM60/I0BEH Nacax

= OpraHu3auma 3a oTTMYaHe Ha OCTaTbyHM BOAMU
» CucTema 3a npeHacsaHe Ha Bojarta

= BxoaeH KaHan

= KaHaun

= TyHenu

= HanopeH Bogonposos

= EnekTpoueHTpaim

MPOEKTHMTE aCNEKTH M 06LUUTE PELLEHMS 3a TE3U CbOPBKEHUSA Ca NpeJcTaBe-
HM No-A0y.

IV.6.1. bBeHm

IV.6.1.1. A308upHa cmeHa (6eHm)

BeHToBETE U A30BMPHUTE CTEHWM MMAT OCHOBHOTO MpeJiHa3HaYeHMe Aa OTKJIOo-
HABAT peYHMA NMOTOK KbM CUCTEMUTE 3a NpPEHaACcsAHEe Ha BoJaTa, BoJella 10 eNeKTpu-
YyeckuTe ueHTpanu. beHToBeTe nMpomsBeXKAaT CbLLO TaKa AOMbJHUTENIEH HAnop M
MMAT KanauMTeT Ha CKlaaupaHe. M360pbT Ha BMAa 6EHT 3aBUCU MHOTO OT MECTHUTE
TonorpadCKkM M reoTeXHUMYEeCcKM ycnoBusA. Hampumep, ako He e Ha/MyHa 3apaBa
CKaJla B paMKMTE Ha pasyMHa M3KOMHa AbJI6oYMHA, TPYAHO 61 GMI0 MOCTABSAHETO
Ha TBbPAM CTPYKTYpM, KaTo 6eTOHOBU A30Be. O6paTHO, 3a TECHM AOJIMHM, TPYAHO
61 6110 Aa Ce HaMEPU MACTO 3a OTAE/IHU NPEeNUBHMUM, U BETOHOBUTE A30BE 6MXa
O6M/IM €CTeCTBEHO peLUeHME 3a TEXHWUTE MPUCDHLUM Bb3MOMKHOCTU Aa MHTerpupart
NpeMBHULMTE M AP. B KOpMNyca Ha 6eHTa.

B ceBepHMUTE CTpaHn, NeJHUKOBUAT Nepuo € oCTtaBual LWMPOKM M OTBOpE-
H1 AOJIMHN 1 MOPEHA B nsobunme. He e yyyAaBaljo, 4e rooaMoto MHO3MHCTBO OT
6eHTOoBETE 3a HAaCMUMNHM OEHTOBE B CbpUEBUHUTE Ha MOpPEHUTE. Ha tor ot Annure,
npupoaHaTta rsinHa nogxoadila 3a CbpueBMUHaATA Ha 6eHTa He e M306I/IJ'ICTBaIJJ,a n ot
Tonorpacbcxa rnejHa To4Ka, B MHOIro MeCta Cce rnosi3Bat 6eTOHOBM BEHTOBE.

Cnopeg ICOLD (MexayHapoaeH KomuTeT 3a onemmnTe A30BMpU), eMH A30BUP
Ce cuMTa 3a Ma/ibK, KOrato HeroBaTa BUCOYMHA, M3MEPEHA OT HMBOTO Ha OCHOBAaTa
[0 rpebeHa He HagBuwagBa 15 M, a BUCOYMHATA Ha rpebeHa e no-manka ot 500 M
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M CKlaAMpaHaTa BoJa € Mo-Masko OT 1 MMAMOH Ky6MuHM MeTpa. Tesu napame-
TPU MO’KE 1a Ca OT 3HAYEHME, MOHEXKE YC/IOKHEHMTE aAMUMHUCTPATMBHM NpoLesypu
YeCTo Ce CBbP3BAT C U3rpaXkJaHeTo Ha ro/IEMU S30BUPM.

HaBcsakbae No cBeTa, HaCUMHUTE A30BMPHM Ca NO-4eCTo CpeulaHn, nopagu
cneaHnTe XapakTepmCctmkn, KOUTO NpUTeKaBar.

» MoraT pga ce aJanTmpaTt KbM WHNPOK 06xBaT OT yCJ/10BMA Ha OCHOBUTE

» 3a CTPOMUTE/NICTBOTO CE€ MON3BAT MPUPOAHM ECTECTBEHM MaTepuasiM, KOMTO
4ecTo ce A06MBAT Ha MECTHO HMBO, OFPaHMYEHM TPAHCMOPTHM HYKAM

4 CTpOl/ITe}'IHl/IFIT npouec Moxe ga € npoab/uKMTENEH M BUCOKO ME€XaHU3UPAH

» [IM3aMHDBT € UBKJIIUYUTEIHO MbBKaB, 3@ NPMCNOCO6ABAHETO Ha Pa3/INYHM 3a-
MbABALLY MaTEPUAIN.

HepocTtaTbumTe NpU HAaCUMHUTE A30BUPM Ca TaKMBA, Y€ T€ Ca MHOIO YyBCTBM-
Te/IHU KbM NpenBaHe U NPoMnycKaHe (M3TMYaHe), KaKTo M KbM €po3maATa B Kopryca
Ha A30BMPa M B HEFOBMTE OCHOBM. MIMa BMCOKA CTENEH Ha CMbPTHOCT MPU HACHMHM-
Te A30BUPU, B CpaBHEHME C BETOHOBMUTE.

Oor Apyra CTpaHa 6EeTOHOBUTE A30BMPHU CTEHUN UMAT HEAOCTAaTbLM, KOUTO OTro-
BapAT Ha ,nonsure” Npn1 HACHUMHNUTE A30BUPHU CTEHU!

» U3ncKear onpeaeseHun ycaoemAa no oTHOWEHME Ha OCHOBUTE

» M3uckBaT npepaboTKka Ha NPUPOAHM MaTepuasiv 3a arperaty 3a CTpouTe-
HaTa NolWaZKa, NPeBo3BaHe Ha rosieMM KOJIMYeCTBa UUMEHT U MHTEH3MBEH
TPYZ M HEMOCTOSIHEH CTPOMTEJIEH MPOLLEC, KOMTO BOAM [10 FOJIEMU Pa3Xoau.

OT Apyra cTpaHa 6€TOHOBUTE A30BMPHU CTEHU MMAT peamua NpeaumcTBa:

» Te ca nogxoZAawm 3a BUCOKMU Tonorpacbcr(w ANana3oHn, KakTo 3a LLWMPOKH
TaKa U 3a TeECHM AOJIMHAN, NpU yCioBHUE, Y€ YCJZI0OBUATA Ha OCHOBUTE Ca TOYHU

» He ca MHoro YYBCTBUTEJIHN KbM MNpEJINBaHE

» [peNMBHUKDBT MOXKE Aa ce No3MUMOHMPA Ha rpe6eHa, M aKo € Heob6X0aANUMO
no uAanata AbJ/IXXKMHaA Ha A30BMPHATa CTE€Ha

» OTBOAHM KaMepn Uan rajaepuu, Tp'b6OI'IpOBO,£IM MM gpyru Aonbv/IHATETHU
pa6OTM morat JIeCHO Ja Cce NOoCTaBAT B KOPrycCa Ha A30BMpa

» EnektpoueHTpanuTe TpAbBa Aa Ce NO3MUMOHMPAT TOYHO B NeTaTta Ha A30BU-

pa.

Pa3sButreto Ha beToHOoBMTE A30BMPU OT KameHeH Hacun (CFRD) HeyTpanm3upa
MHOro OT HeJoCTaTbuMuTe MpU HacMnMTEe OT TUN CbpueBMHa. B YacTHOCT, YyBCTBM-
TENHOCTTa KbM M3TMYAHE U epOo3MA € OrpaHMYeHa, U 3aBMCMMOCTTa OT MaTepuasa C
Aobpa cbpueBUHA e npeMaxHaTa.

Pa3BuTHMETO Ha OTbMNKaHM C BanAaK 6etoHoBu A3oBupu (RCC-dams) BbBeEXAa
e/IMH NMpOAb/IKUTENIEH, BUCOKO MEXaHM3UPaH CTPOMUTEJIEH NPOLEC U MAJIKU Pa3Xo-
an. NoBeyeTo HOBM rosieMu A30BMpU NoYvTH BMHaru ca no npoektn CFRD 1 RCC.

XOMOreHHu A30BMpU: A30BMPHUTE CTEHM Ce€ M3MONA3BAT 3a HUCKU Hacumnu
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(<4m) M 4eCTo KaTo BTOPUYHM A30BMPHM CTEHU. OT CbOBPAXKEHUSA 32 CUIYPHOCT Ha
CTEHUTE, BUADBT HA OTTUYAHE MOYTU BUHArU € npeacTaBeH.

30Ha/IHM HACUMHMU A30BUPU. TE CE U3MNOA3BAT 3a BUCOKU A30OBUPHU CTEHU OT
HaZ 4M n Harope. CTpOl/ITe}'ICTBOTO € U3KTIOYMNTEJIHO YYBCTBHUTEJIHO Ha MHKXEHEPHUA
NPOEKT U U3rpaxjaHe, 1 €TO 3allo € OT BaXKHO 3Ha4YeHME a C€ HaeéMe BMCOKO KBa-
J'II/ICIJI/IUMpaH KOHCYNITAHTCKN €KHN U U3nbaHUTENAT Tpﬂ6Ba Aa HaeéMe ONnnmTeH eKun
OT MHXEeHePK No HaA30pa. KpMTW—IHMTe KOMIMOHEHTHU Ha TE3MN A30BMNPU Ca CbpLUEBU-
HaTa, NnpexogHmTe 30HU U KanauMTeTbT Ha OTBOAHABAHE Ha MNneTtata Ha A30BUpa.

HacrnHu asoBupn ¢ MeMb6paHu: membpaHMTe MoraT Ja 6bJaT oT pas/vyeH
BMA U Ja ca MO3ULMOHMPAHU MUJIM Harope rno TeYEeHUETOo OTMpes npes Hacuna mam
BEPTUKA/IHO B LEeHTbpa Ha Hacuna. Memb6paHuTe MoraT ga 6bAaTr HanpaBeHW OT
6eToH (KakTo e npu CFRD), acdant (HOpBEXKKMU TUN) UM BBB popMaTa Ha reo-mMem-
6paHa Ha HaK/IoHa cpeLly TeYeHUeTo.

pPaBUTALMOHHU A30BMPHU CTEHU: TE 3aBMCAT OT TAXHATa COGCTBEHA Maca 3a
cTabuaHocT. HanpeyHoTo MM ceveHne 06MKHOBEHO € TPUBIb/IHO, 3a Ja NpPeAocTa-
BM JOCTaTbYHa YCTOMYMBOCT M HATUCK HA Pa3npoCTpaHEHME HanNpAKO Ha paBHMHATA
Ha ocHoBMTe. [opHaTa YacT 06MKHOBEHO € MPaBObIbJ/iHA C LieN [a Ce NpeoCTaBu
J0CTaTb4Ha LWMPMHA Ha rpebeHa 3a MHCTaNauma U TPaHCMopT.

nOAﬂOpHM A30BUPHU CTEHU:. TE C€ CbCTOAT OT NOCTOAHHO 4e€J10 Cpelly Te4ve-
HNETO, KOETO Ce noaabpxa OT NoArNnopn Ha paBHU MHTEPBaJin. Toa yeno cpewy Te-
YEeHMETO HOPpMaJIHO € pa3aesieHO Ha BEePTUKAJIHN yHaCTbUU OT ANJ1IaTaUMOHHU MYK-
HAaTUHU, KAQTO BCEKM YHACTDbK Ce nogabprKa OT €4Ha noAriopa. HanpeqHMTe ceyeHunA
Ca I'IO,£|,06HI4 Ha Te€3u1 npu rpaBUTalMOHHUTE A30BUPHUN CTEHMU.

A30BMPHU CTEHM OT TMNA apKU U Kynoaun: PyHKUMATA Ha Te3n A30BMPU KaTo
XOPU30HTAJIHO MO3ULMOHMPAHU apKU, KOUTO TpaHCpepupaT BOAHOTO HansaraHe ot
4esIoTO CpeLly HanAraHeTo Mo-CKOPO KbM YCTOMUTE OTKOJIKOTO KbM OCHoBara. f3o-
BMpPHaTa CTeHa TUN apKa MoXKe Aa 6bJe NpoeKTupaHa C NOCTOAHEH paauyC Haj BU-
COYMHaTa Ha A30BUpa MU C NPOMEHIMBU PagMyCH (A30BMPHM CTeHM oT Tin Kynon).
A30BMpHaTa CTEHA TMN apKa C MOCTOAHEH pagMyC MMa BEPTUKAJIHO U “npaBo” Ha-
npeyHo ceyeHue. Te3n A30BUPHM CTEHM Ca 0OEKT Ha 3HAYUTEIHU BEPTMKAIHU CUIN
Ha OMbH, TbM KaTo AedopMaumATa Ha A30BMPHATA CTEHA LUE TEr/IM HaM-CU/THO KbM
LLeHTbpa Ha A30BMpa. ToBa M3UCKBa A30BMpHaTa CTeHa Aa 6bAe CMIHO yKpeneHa C
apMMpaH 6eToH, 3a Aa ce M3berHaT NyKHaTMHU, CbNPOBOAEHM OT U3THUYAHE.

IV.6.1.2. [lpenusHuK

P&prU.IaBaHeTO Ha A30BMpPHATa CT€Ha MOXe Aa MNMPpUYNHU 3HAYUTEJIHU LETHU
HaA4oJ1y No Te4EeHNETO Ha A30BMPa. Mo BpeMe Ha UMKDbJla Ha KMBOT Ha A30BMpPa, LWe
ce CpelwHaT pa3/iIni4HM YyCJI0OBMA Ha MNMOTOKa, M A30BMPHATa CTEHA TpFI6Ba Ja € B CbC-
TOAHME 6e30MacHo Ada rnpmneme snMCoku1 npminBHU Boan, KOMTO YECTO HaaBULLIABAT
HOPMaJ/IHUTE TE€YEHUNA Ha PEKNTE MO CTENEH H MarHUTyA. Mo Ta3un NnpU4NHa rpm>os-
HO NMPOEeKTHUpaHU NpEJZIMBHU MNMacCaXm Cca MHKOPrNopupaH1 B A30BUPHUTE CTEHUN UL B
npeanBHMUMNTE, KaTO HaCT OT CTPYKTyparTa. Te3n nacaxku ca M3BECTHM KaTo npesnus-
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Huyu. Mopaan BUCOKaTa CKOPOCT Ha Npe/uBallaTta Boja, HAKOM (hopMM Ha pasnpoc-
TPpaHEHMEe Ha eHeprumaTa ce HamMmupaT 06MKHOBEHO B OCHOBaTa Ha Npe/IMBHUKA.

BONWMHCTBOTO OT MasIKUTE XNOPOCXEMHU Ca OT THUINa TeYEHME Ha peKa, KbAETO
€J1eKTPNYeCTBOTO C€e ,D,O6MBa oT ,D,e6MTl4Te no-roaiemMn1M ot MMHMMaJIHO HeO6XO,CI,l4Ml4'
TE 3a 3a4BMKBaHE Ha Typ6MHMTe. B Te3n cxemun ce n3rpaxga MaJiko CbopbKeHUne
3a OTKJ/IOHEHME B KOPUTOTO Ha MOTOKa, 3a OTK/IOHABAHE Ha Teé4eHMETO, AOKATO OC-
TaHa/JlaTa 4acCT OT BOZaTa NpojbJ/irKaBa Ja CH Te4ye BbpPXY HEro. TakbB BUA CbOpP©Db-
XeHUe € U3BECTHO Le KaTo A3, YMATO poJiA HE € Aa CK/1lagupa BOoAa, a Aa yBEJIMYH
HMBOTO Ha BOJHaTa NMNOBBbPXHOCT, TakKa 4e TeE4YEHNETO Aa BJie3€ BbB BXOAHMUA KaHall.

f30BeTe M MpeNUBHULMTE MOraT Ja Ce PasfeNiAT HA (UKCUPAHU WU MOOBUMHU
CcbopbKeHua. Mo-Mankute BUKCUPAHU CbOPBKEHUA MO-06LI0 CE OTHACAT A0 A30-
BETe, [JOKATO MO-r0JIEMUTE CbOPBKEHMA YECTO CE OTHACAT Ja npenusHuumTe. Mpe-
JMBHULMTE YECTO Ce pasfeniaT Ha 6e3BpaTHU MPEeSIMBHULM, KOMTO OTroBapAT Ha
(PUKCUPAHMTE U MOABUNKHU CbOPBIKEHMA, HO BCHLIHOCT 6€3BpaTHTe NpesIMBHMLM Ca
LUIMPOKO-MaLLabHU A30Be.

(DMKCI/IpaHMTe CK/1agoOBHU CbOPBbAKEHNA, KAKBUTO Ca A30BETE U 6e3BpaTMTe npe-
JIMBHUUN UMAT NpeanMMCTBOTO Ha CHUTYPHOCT, OMPOCTEHOCT, JIECHO noAaAbprxKaHe U
peHTa6l/IIIHOCT. 068‘46, TE€ HE MOoraT Ja peryimpart HMBOTO Ha BOAaTa M MO TO3UN Ha-
Y1MH U BOAHOTO HUBO U MNMponsBeaeHaTa eHeEPrua Bapmpat B 3aBUCHMMOCT OT Ae6MTa.

MoABUXKHMTE CKNIAI0BM CbOPBKEHUS, KaKBMUTO Ca MPEMBHULMTE C BPaTU MO-
raTt Ja peryampaT HMBOTO Ha BoAaTa, TaKa Y€ TS Aa OCTaHe MoBeyve WM MOo-MaJiKo
MOCTOSIHHA 3a MOBEYETO YC/I0BMA Ha BXOAALMA MOTOK. B 3aBMCMMOCT OT KOHMM-
rypaumata Ha BpaTuTe M Ae6UTHMA KanauuTeT, Te Cblo MOraT Aa M3XBbPJIAT CbC
CUJIHA CTPYA aKyMy/IMpaHUTE CEAUMEHTU HAA0/1y MO TeYEHMETO. Te3n CbOPbKEHUS
Ca 06110 B3€TO NO-CKbMU OTKOJIKOTO (DUKCUPAHUTE, KAKTO 3a M3rparkJaHe TaKa M 3a
NOAAPBXKKA, U TAXHOTO (PYHKLMOHMPAHE € MO-C/I0XKHO.

Fixed structure

water Weir crest

level ¥ '—'——.JT Weirface Energydissipation basin
o Erosion

protection

Alluvial
deposition  ¥ir]

<4 Impermeablescreen

Mobile structure
Radialgate

- (EL/? pile

i

water level
e

flI3oBeTe morar ga ce U3rpagaATt nepneHanKynapHo, noj bvroj1 UM CTpaHMYHO
CrpAMO OCTa Ha péeKaTa. MHoro yecTo Fpe6eH'bT Ha A3a € noJ rnpasa JIMHNUA U Nep-
NeHAMKYNAPEH Ha OCTa Ha peKarTa. 3a OTHOCHUTEJIHO HUCKM HUBA Ha AOJIHUTE Teye-
H1A Ha BOAUTE, A30BETE KOHTPOJZIMPAT TEYEHMNETO U ONPEOENAT BBaMMOAel\;iCTBMeTO
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MeXAy BOAHOTO HMBO B FOPHOTO TeYeHUe M AebuTa. B 3aBMCMMOCT OT BMJa Ha A3a,
MMa MOJTYYEHU PA3/IMYHMU BPb3KU MEXKAY Pa3/IMYHUTE AEOUTH.

A3 ¢ ocTbp rpebeH ce m3rpaxaga JIECHO U € OTHOCMUTE/NIHO PEHTAOUNHO pe-
lweHue. HerosuaT febut ce onpegens nocpeactsoM KoedpuumeHta Cd. Tpsabea ga
ce 06bpHe crneuMasiHO BHUMaHME Ha popmaTta Ha 4e/0TO Ha FOPHOTO TeYeHUe Ha
A3a, 3a Zla Cce NoJlyYyM A0CTATbYHO NPOBETPEHUS MEXKAY AOJIHMA NaacT (C/IOM BoAa,
KOWTO Teye Haj A3a) Ha CTpysTa M CbOPbKEHMETO. AKO IO/IHUAT NNACT Ha CTpyATa
npunaenHe KbM CbOpPbXKEHUETO, BUOpaUuMTE MoraT Aa NpeMuHaT OT MOTOKa KbM
CbOpbXKEHMETO.

A3 ¢ 061 rpebeH ce npunara YecTo 3a BPEMEHHU CHOPBKEHMA UM 3a CbO-
Pb)KEHMSA OT BTOPOCTENEHHA BaXKHOCT, KAaTO HarnpuUMEp B C/lyYas Ha BPEMEHHO OT-
K/IOHEHWE Ha NoToKa. [poeKTUpaHeTo My € NPOCTO M EBTMHO. XMAPABIUYHUTE YC-
JIOBMA Ca Aasieye OT ONTMMAJIHUTE, M3Pa3eHM Ype3 KoedUUMEHT Ha HUCHK Ae6UT
M Ha/IMYME HA HUCKO HansiraHe Mo NpOTEXEHWETO Ha rpebeHa Ha f3a M YenoTo Mo
TeyeHuneTo. JebuTbT 3aBMCH OT popMaTa Ha CbOPbKEHMETO.

CtaBMa0TO/WINI03a NOKaYBa JIEKO HMBOTO Ha BojaTa 3aj f3a, 3a Ja OCMrypu
Jl0CTaTbyHa Ab/I6GOYMHA Ha BOoAaTa BbB BXOAHMA KaHa/l, 6e3 Aa 3acTpally HaBOHSA-
BaHE Ha TepeHa HaZlo/y Mo TEYEHUETO, w130 MOXKE Aa Ce MHCTa/IMpa Ha rpebeHa
Ha A3a. LUno3bT 06MKHOBEHO Ce MpaBu OT [AbpBO, M CE YKPEnBa CbC CTOMAHEHM
LMMKM, KOMTO Ce 3a6MBaT B CTOMAHEHM MydH (TPbOM OTpA3aHM B JO/IHATA CU HacCT)
B rpe6eHa Ha npesiMBHUKaA. LLno3bT TpaAbBa Aa ce npeMaxHe No BpeMe Ha BUCOKUTE
BOJM, 3a Aa He NpeAu3BUKA HaBOAHEHWE HAZA0/y MO TEYEHMETO Ha TEPEHa, onepa-
LUMA, KOATO B T€3M 06CTOATE/ICTBA € MHOIo TpyAHa. LLapHUPHMAT W03 e HAKaK cu
Mo-/7IeCeH 3a NpemaxBaHe.
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weir crest steelrod  \yo0d block
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HapyBaemuTe A30Be ca Apyr METOZ, Bb3MOXKEH Aa Ce KOHTPOJIMpa OT pa3CcTos-
HME, KOMTO MO/13Ba apMUPAH F'YMEH MeXyp BMECTO 6ETOHEH, CTOMAHEH MM AbPBEH
wnt3. ToBa € anTepHaTMBa Ha MO-KOHBEHLUMOHAHUTE METOAM Ha M3rpaxkjaHe Ha
A30BeTe, C MNPUCHLM NpeaMMCTBa Ha HUCKaTa LeHa, JIeCHOTO (PYHKLMOHMpPaAHE M
MMHUMANHaTa NoAApbXKKa. BCbWHOCT, HagyBaeMmUTe A30Be Ca MbBKaBM BpaTM Moj
dopmaTta Ha apMMpaH, F'YMeH Mexyp, HaZyT C Bb3AyX WM BOoAaTa, 3aKOTBEH KbM
6eToHHaTa ocHoBa (Purypa 5.11) ¢ aHKepHU 60NTOBE, XBaHAaTM KbM OCHOBaTa. KaTo
BCSKa Apyra BpaTa, HaJlyBaeMUSAT BEHT CE Hy}K/ae OT MEXaHM3bM, YpE3 KOMTO Ja ce
OoTBapA M 3aTBaps. A3bT Ce NoABMra, Korato € NbJeH C BoOZa UM Bb34yX Noj Hans-
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raHe. Bb3gylueH KOMMNpecop 1AM BoJHa Nommna ce CBbP3BaT Ypes Tpbba C ryMeHus
Mexyp. Korato MexypbT e MbJieH, BpaTtaTa e NoBAMIrHaTa; KoraTo € M3rpasHeH, A3bT
OCTaBa N/IOCbK BbPXY OCHOBATa CH, B M3LA10 OTBOpEHa no3uums. CucTtemaTa cTaBa
€BTMHA, KOraTo LUMPUHATA Ha fA3a € NO-ro/iAMa B CpaBHEHWE C BMCOYMHATA.
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Mpeanasutenu- B ronemMmTe MHCTaNaUMM, HO MOHAKOra U B MasIkKUTe, € npe-
MOPBUYMTE/IHO Aa Ce MOCTaBAT nNpeanasutesnn, Kato Tesm npu Hydroplus2. B cayyan
Ha roJieMu HaBOAHEHMA, KOraTo BojaTa AOCTUIHE MpeABapMTE/IHO YCTAaHOBEHOTO
HWBO, €4MH MM NOBeYe OT MpeanasuTennTe (OCHOBHO CbOPbBIKEHMA OKAaYeHWM Ha
MaHTM) LLE Ce HAKJIOHAT, 3a Aa Ce NoKayM 30HaTa Ha NpeMBHMKA.

CudoHM B NpeMBHULUTE- KAaTO anTepHaTMBa, KOrato HaJIMYHOTO MPOCTPaH-
CTBO B NMpe/IMBHUKA € OrpaHUYeHo, MoraTt Aa ce M3Mnoa3BaT CU(POHM B NpesIMBHMKA
WM WIaxTa Ha NpesiMBHMKA. M aBeTe pelueHuA nomMarar ga ce noaabpiKa HUBOTO Ha
peKaTa B ropHOTO Te4yeHMe B TeCHU rpaHmum. CMADOHDBT B NpeIMBHUKA OOMKHOBEHO
€ M3KpMBEHa NMpuKpeneHa Tpbba (Purypa 5.12). Korato BOAHOTO HMBO CE€ MOKa4u
Haj KONIAHOTO Ha cMdoHa, BoAaTa 3anoyBa ga Teye Hagoay no BoAONpoBoAa, KaTo
npy HaBoAHEHWE, HO TOBa € CaMO KOraTo Ce MnokKaysa owe M CUDOHBT € MbJIEH U
3HauYUTENIHO NoKaysa aebmta. OGMKHOBEHO CU(OHUTE Ca NbJIHM, KOraTto HMBOTO Ha
BoAaTta AOCTUIHE MM NPEMMHE HMBOTO Ha KOpPOHaTa, HO MMa MPOEKTH, KbAETO 3a-
NbJIBAHETO Ce C/Iy4Ba, KOrato HUBOTO Ha FOPHOTO TEYEHUE € NOKAYEHO CaMo C eJHa
TpeTa OT BMCOYMHATA Ha MbpJ/IoTO.

vacuum breaker

siphon crest

siphon spillway

figure 5.10 |

LWaxTa (Mam Morning glory) B npenMBHUK - NpeMBHUUMTE C LLIAXTM Ce NON3-
BaT MHOro pPAAKO 3a MaJIKM xmuapocxemn. Kakto e nokasaHo Ha durypa 5.13, npe-
JIMBHMKDBT C LLAXTa BKAOYBA BX0A C opmaTta Ha PyHMA, 3a HapacTBaHe AbJiKMHaTa
Ha rpebeHa, paswMpeHO NpeMMHaBaHe, KOeTo OTroBapA Ha ¢opmaTta Ha nJjacra,
KaKTO e Npu npesunBaHe OT NpesIMBHMKA, Makap M NOHAKOra CTbnanoBMAeEH, 3a Aa
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rapaHTMpa npoBeTpsiBaHe, BEPTUKAJIHA LWAXTa M OTBOP Ha TyHesl, KOMTO MOHAKOra
MMaT NEeK MOJIOKMUTENIEH HaK/IOH, 3a Ja Ce rapaHTMpa, Ye B Kpad HMKOra He Teye
Hanmb/IHO. AMepMKaHCKaTa Cay»6a 3a nogaBaHe Ha onsakBaHMs (USBR) 6 1 7 onucea
NPOEKTHUTE MPUHUMMIK 3a TE3U NPENUBHULM.

shaft spillway into a canal

JTAaBUPUHTEH A3 - B HAKOM CXEMM HA MAJIKM XMAPOLEHTpPanM (T.€. MasIKM1 cxe-
MM B HaMOMTE/IHW KaHa/M) HAMA AOCTATbYHO MACTO 3a MOCTaBSIHE Ha KOHBEHLMO-
Ha/IHW NpenuBHUUM. B Te3n ciyyam, nabupuHTeH A3 ¢ dhopmaTta Ha U 61 nomorHan
Aa fobue no-ronsm AebuT B HaIMYHATA Ab/IKMHA.

IV.6.1.3. OpeaHu3ayusa 3a pa3npedesieHue Ha eHepauama

AlebUTBT OT ropecnomeHaTnTe PUKCUPAHM MM NOABUKHM CbOPBKEHUS, OBMK-
HOBEHO € CBPbX-KpUTMYEH B M3xoda. CroTBEHUTE CKOPOCTM Ha BMCOKMSI MOTOK M
Typ60JIEHTHOCTTA MOraT Aa Npom3BeaaT 3HauMTe IHa epo3uns B NeTaTa Ha CbopbiKe-
HMETO, 0COBEHO AKO PEYHOTO KOPMTO HE € PE3UCTEHTHO Ha epo3ms, KaTo Hanpumep
B C/lyYas Ha TMHSA, F/IMHA, Ma/IKM NECBHYMHKM, YaKbJl M TPOLLEH KaMbK.

3a gace M3berHe TakaBsa nospeja, Morat ga ce npuioxKat HAKOJIKO CTPYKTyp-
HW1 peleHnA, Kato HAKOM OT TAX Ca MHOIo pa3xoAOHOCHM. HaM-yecTo nonssaHuTe
pelweHnAa ca:

» Tux/cnokoeH 6acemH
» MperpazeH Bo060M

» bacelH 3a rmypKaHe

» [pbCcKano Kackaga

MoBeYyeTo OT Te3U CbOPBKEHMA pasnpenenaT eHEPrunHMA NOTOK, Ype3 06-
pasyBaHe Ha XMApaBJMYEH CKOK, KOMTO pa3npbCKBa MHOFO €HEprus Ha OTHOCH-
TE/IHO KbCO pa3cTosAHMe. [poeKTMpPaHETO M U3rpaXKAaHETO Ha CbOPBXKEHUA 3a pas-
NPpbCKBaHe € A0CTa C/I0XKEH U 06eMUCT npouec, U YnTaTenaTt TpAbsa Aa NOTbpcu
creunanmsnpaH MHXeHep 3a noseye MHgopmauma. Mo-nogpobHO ToBa MOXe Aa ce
Hamepu Hanpumep npv Vischer& Hager (1995 r.).

B 6eHTOBeTe RCC CTbNasioBUAHOTO NPpbCKaso HAA0/ly MO TEYEHUETO Ce € [oKa-
3a/10 Kato e(peKTUBHO C HaMaNABaAHETO Ha CKOPOCTTa Ha NOTOKa M HaMasisiBaHe Ha
M3MepPEeHUATA Ha CleZiBallmsl TUX GaceMH.
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IV.6.2. HahopeH sodonposod

MpeHacsHETO Ha BoAa OT BXOAAa KbM €/IeKTpoLeHTpasiaTa (ToBa € LenTa Ha
HaMopHMA BOAOMNPOBO/) MOXE Jla HE Ce OKaxke Tpy/JHa 3ada4va. O6aye, ako TpsA6Ba
Jla ce n3bepe Han-eBTMHOTO pelleHue 3a HaMopeH BOJOMNPOBOA, HE e JleCHa pabo-
Ta. HanopHuTe BoAONpOBOAM MOraT a Ce MHCTa/IMpaT Ha 3eMATa, B 3aBUCUMMOCT OT
(hakTopmTE KaTO NpMpoJaTa Ha 3eMATa, MaTeEPMANbT OT KOMTO Liie Ce HarnpaBu Ha-
NOpHMA BOAOMNPOBO/J, OKOJIHaTa TeMnepaTypa M M3MCKBaHUATA HA OKOJIHATa cpeja.

bBKaB M ¢ ManbK aMameTbp PVC HanopeH BOoAONPOBOA Hanpumep, Moxe aa
6bAe NOJIOKEH Ha 3eMATa, KaTo cnejBa CBOMTE OYepTaHMA C NACHK U YaKbi, 06-
KpbrKaBaly TpbbaTa, 3a Aa 6bae Aobpe ynabTHEH. MasiKu TpbOM MHCTaNMpPaHK No
TO3M HAYMH HE CE HYKAAAT OT aHKEPHM 610KYEeTa M TeMnepaTypHu dyru.

nO-LUMPOKMTe HaropHW1 BoJonposoan OOMKHOBEHO Ca Noj 3emATa, AOKOJIKOTO
Cce U3NMCKBa MMHMMasIEH M3Kon. BKonaHuTe B 3emATa HaropHu1 BoJonpoesoamn TpFI6Ba
BHMMATEJIHO Aa Ca 6OFILI,I/IC8HI/I M YNJIDBTHEHU, 3a Aa Ce€ 3alUMTU MaKCUMaAJIHO BbHLLU-
HOCTTa UM OT KOpO3unA, 3allMTHUNA CJIOM He ce pa3Basia npu1 MHCTaJiMpaHe, 1 3aTOBa
nocineasuata nogjpbKKa We € MMHMMaJ1Ha. OT eKonorm4yHa rnegHa To4ka, pewe-
HNETO € ONTUMaJIHO, MNMOHEXKE 3eMATAa MOXKE Ja BbpHE NpeamlHOTO CU CbCTOAHME,
M HalMoOpHMAT BOAOMNPOBOA Aa HE MnpeacTtaB/iABa 6apl4epa 3a ABMAKEHUE Ha AUBaATa

npupoaa.

support
block

MHCTanMpaHUAT HaZ 3€MHOTO HMBO HanopeH BOAOMPOBOJ MOXe Ja Cce npoek-
TMpa CbC MaM 6e3 TemnepaTypHu dyru. Bapmauumrte B TeMnepartyparta ca 0Co6eHo
BaXXHM, aKo TypbuHaTa He (PYHKUMOHMPA NPOAB/IKUTENIHO, UM KOraTO HaMOPHUAT
BOAOMPOBO/ € APEHMPAH 3a PEMOHT, KOETO AaBa pe3yaTaT B TEPMMYHA €KCMaH3uA
MM KOHTpaKumA. OBMKHOBEHO HaMOPHMAT BOAOMNPOBOJ Ce U3rpaxkaa B NpaBu MU
NPUBAN3UTENIHO MpPaBM JIMHUMM C BETOHOBM aHKEPHWU B6I0KYeTa BbB BCEKM BIba U
C TemnepatypHa dyra mexay BCeKM Habop oT aHKkepu (Purypa 5.31). AHKepHuTE
6/10K4YeTa TpAGBa Aa U3A4bpKAT HA TAaCbKa Ha HaNnoOpHWA BOAONPOBOZ, NJOC CUAUTE
Ha TpUeHe, NopoAeHM OT paslMpABaHUATA U CBUBAHMUATA, TaKa 4e, Korato e Bb3-
MOXHO Te TpA6Ba Jla ce OCHOBaBaT Ha CKana.

AKo, nopaau BMAa Ha 3emMATa, aHKEPHUTE BGJIOKOBE M3UCKBAT rosIAM 0b6em be-
TOH, TaKa TOBa Llie CTaHe A0CTa CKbMo, a/iITepHAaTUBHO peLleHne 61 6mno aa ce enu-
MMHMPa BCAKO BTOPO AHKEPHO GJIOKYE M BCMYKM TEMMEpATypHM yrm, OCTaBSAMKMU
Br/IMTE CBOBOIHM 3a JIEKO ABMXKEHME. B TO3M ciiyyal e KenaTesiHo Jla ce NocTaBAT
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NMpaBMTE y4acTbLM OT HAMOPHMA BOAOMPOBOA B CTOMAHEHM MOAJIOXKKM, HanpaBeHU
C Uen Aa nacHaTt Ha KOHTypa Ha TpbbaTa M 06110 NoKpuBanKkM 120 rpaayca oT o6pa-
THaTa cTpaHa. lMoA/IoKKMTE MoraTt a ce U3rpagAat OT CTOMAHEHM NI0YM U DOPMM,
C rpapmMTHM a36eCTOBM JIMCTA MOJIOXKEHM MEXAY NoANOXKKaTa M TpbbaTta, 3a Aa ce
HaManAT CUAUTE Ha TpuMeHe. [BMKEHMETO MOXKE Aa Ce NPUroaM C TeMnepaTypHU
dyru, nam 4ypes NnpoeKkTUpaHe Ha TPbOHO Tpace CbC CBOOOAHO ABMMKELLM CE bl /M.

AKo Tpb6onpoBoAHATa cMCTEMa Mon3Ba dyru C KaHenKu u Mydu ce musbupat
0-06pasHU YNIbTHUTENIM, KATO MO TO3M HAaYMH CBMBAHETO M pPasWMPSBAHETO CE Ha-
raxkgat BbB yrure.

/lHeC MMa ronsam us3Gop 3a MaTepuanu 3a HanopHW BOAOMNPOBOAM. 3a No-rosie-
MM Hamnopu U AuaMeTpu, BEPOSTHO 3aBapeHaTa CTOMaHa € HaM-406poTo peLLeHME.
He Tps6Ba Aa ce 3abpaBaT ob6aye M crmMpanoobpasHMTE 3aBapeHM CTOMAHEHU TPb-
61, NnopagamM HMCKaTa MM LiEHa, aKo Te€ Ca Ha/IMYHU B HEO6XOAMMMTE pasmepu. 3a
BMCOKM HAropu, ce NpeanoyMTaT CTOMAHEHWU U/ Kee3HM TPbbM, HO NpU CpeHM
M HUCKM Hanopu CTOMaHaTa CTaBa MO-MaJ/IKo KOHKYPEHTHA, MOHEXE BbTPELLUHUTE U
BBbHLIHMTE NPOTMBO-KOPO3MOHHM M1IACTOBE HE HaMaNsBaT C AebesIMHaTa Ha CTeHaTa
M MOHEXEe UMa MMHMMAJIHA Ae6eflMHa Ha CTeHaTa Ha TpbbarTa.

3a No-Masikm gMameTpu uma M3bop Mexay: NpomssBeeHa CTOMaHeHa Tpboa,
CHabgeHa c yru c KaHeaKu U Mydu u rymenmn ,,0“ npeanasmTtenn, KOUTo enu-
MWHMPAT NONEBOTO 3aBapABaHe, MM CbC 3aBapeHM Kpaulia, cTerHatu ¢ 6ontose
(®urypa 5.33); paBHM OT/IMBKKU Ha CTPYr UM HanperHat 6eToH; TPbOHO Xens-
30 C pyru C KaHeAKu n Mydu C npegnasmtenn; UMMEHT-a3becT; naactmaca oT
apmupaHo cTtbkao (GRP); u PVC unmn nonmetnneHosu (PE) nnactmacoBu Tpbou.
MnhacTtmacosn Tpbou PE14 e MHOrO aTpaKTMBHO pelueHue 3a cpegeH Hanop ( PVC
Tpbba ¢ 0.4 M AMaMeTbp MOXKe Aa Cce Nos3Ba A0 MaKcMManHua Hanop oT 200 M)
MOHeXe 4YeCcTo € No-eBTUHO, NIEKO M JIeCHO 3a 6bopaBeHe OTKOJIKOTO CTOMaHarta, M
HAMA HyXJa OT npejnasBaHe oT Kopo3ua. Tpbvboute PVC15 ca necHu 3a MHCTaAU-
paHe noHexe yrute C KaHenkn u Mmydu umar ,,0“ npegnasmtenn. PVC Tpbbute
OOMKHOBEHO Ce MHCTaNMpaT noj 3emMATa C MMHMMAJIHO NMOKPUTHE OT eAUH METbP.
Mopaan HUCKaTa YCTOMYMBOCT Ha M3nbyBaHeTo Ha UV paauaums Te He morar Ja
ce Nnos3BaT Ha NMOBbPXHOCTTA OCBEH aKo He ca 60Aa4MCaHu, 06BUTM MM OMaKoBa-
HU. MUMHMMANHUAT pagMyC Ha M3KpuBABaHe Ha eaHa PVC Tpbba € OTHOCUTENHO
wnpokK (100 NbTH AMaMeTbpa Ha TpbbaTa)- M HEFrOBMAT KOEMUUMEHT HA TEPMMUYHO
paswupaBaHe e neT NbTM MO-rosIAM OT TO3M 3a CTOMaHaTta. Te ca YynamMBu U He-
NoAXOAALWM 3a CKA/IMCT TEPEH.

Tpb6u ot TMna PE16 - (BMCOKO MONIEKY/IHO TEern0 NoaneTenseH) Morar ga ce
noJsioXKaT Ha 3emMATa M MorarT Aa ce HanacHat brim ot 20-40 NbTM AMaMeTbpa Ha Tpb-
6aTta (3a No-oCTpu BI/IM Ce€ U3UCKBAT CNeunasHM Npom3BeAeHN B 3aBOJ, (DUTUHIN).
PE TpbOUTE Ce HOCAT Haj BoAaTa M Morar Aa 6bAaT U3TerJieHu ¢ Kaben B Abarmre
y4acTbLM, HO TPAGBA Aa Ce CBbprKaT B TEpeHa CbC 3aBapKa, M3MCKBalla cneumasneH
MHCTPYMeHT. PE TpbbMTe MoraTt ga yCToAT Ha 3aMpb3BaHe Ha TpbbonoBoja 6e3 aa
ce noBpejAT, HO He MoraT Ja ce HaMepAT ¢ pa3mepu Hag 300 MM B AnameTbp.

BeToHOBWMTE HaMOPHM BOJOMPOBO/AM, KAKTO OT NpeABapMTe/IHO HamperHar 6e-
TOH, Taka M OT BMCOKO OMbHATW KMLUM MM apMMpaHa CTOMaHa, Ce OT/IM4yaBar C
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BbTpELIEH CTOMAHEH KOXYX 3a MpefoTBpaTABaHE Ha M3TMYaHe, M ca CHabeHM C
FYMEHM npeanasmrtenu u dbyru ¢ KaHeKku 1 Mydu, NpeAcTaBifBaT ApPYro peLieHue.
3a HelacT1e BMCOKOTO MM TEr/o, NpaBu TPaHCMOPTMPAHETO UM CKbMO, HO He ce
3acArat oT Kopo3susTa.

B pa3sBuBawmTe Ce CTpaHM, Kpeo30THa AbpBeEHa rpega noj HansaraHe, Tpbba
CbC CTOMAaHEHM MPbCTEHU € eJHa aNTepHaTMBa, KOATO MNOKa3Ba Kak Morart Jja ce m3-
non3saT B AMamMeTbp 40 5.5 M 1 Hanopu go 50 M (KouTo MoraT aa HapacHat o 120
M B anameTtbp oT 1.5 M). lNpeamMmcTBaTta BKAKOYBAT MbBKABOCT, KOATO Aa OTroBapA
Ha CnAraHeTo Ha 3eMATa, JIeCHO Ja Ce pasnoJIoXKM Ha 3eMATa, 6e3 NOYTU HMKAKBa
NoAroToBKa, 6e€3 M3MCKBaHMA 3a TemnepaTypHU pyrm n 6e3 HeobxoAMMOCT 3a 6eTo-
HOBM NOAMNOPU U Npejna3BaHe OT Kopo3uA. TpbbaTa oT AbpBEHU rpeam ce craobssa
OT MHAMBMAYAJIHU MPBbTU U CTOMAHEHU TMPBCTEHU UAM CKOOM, KOUTO MO3BONABAT
NIECHOTO MM TPaHCMNOPTMPAHE AaxKe U BbpXY TPYAHOLOCTbMNHM TepeHu. HegoctaTb-
LUMTE BKIOYBAT M3TUYAHE, B YACTHOCT NpM onepaumMuTe 3a 3anb/iBaHe, HyxJaTa ja
ce AbpXM TpbbaTa NbjHa C BOZa, KOraTo Ce peMOHTUpa TypbuHaTta, U 3HaYMUTeN-
HaTa NoAApb)KKa, KaTo MOKPUTME CbC KaTpaH Ha BCEKM neT roguHu. Tabamua 5.3
NMOKa3Ba OCHOBHUTE CBOMCTBA Ha ropecrnoMeHaTma matepman. Hakou ot cBomcTBaTa
He ca BMHaru TUNMYHKU, 0COBEHO CTOMHOCTUTE Ha KoeduumeHTa Ha Hazen Williams,
KOMTO 3aBMCAT OT YC/IOBMATA HA MNOBBPXHOCTTA Ha Tpbbarta.

Matepuan Moayn Ha enacTuy- KoeduumneHT Ha nu- MakcumanHa cuna n
HOCTTa Ha AHr HeMHO paswuMpsBaHe Ha OMbH
E(N/m?) E9 (m/m°C)E6 (N/m?)E6

3aBapeHa cTo- 206 12 400 0.012
MaHa
MNonuetenneH 0.55 140 5 0.009
MonnBuHMA
xnopua (PVC) 2.75 54 13 0.009
AsbecTos n/a 8.1 n/a 0.011
LMMEHT
M3naTO Kensso 78.5 10 140 0.014
Tpb6HO Xenaso 16.7 11 340 0.013

IV.7. EneKTpoMexaHM4Ho obopypBaHe

IV.7.1. EnekmpocmaHyua

B cxemaTa Ha Ma/IKUTe XMAPOLEHTpaM, PoasiTa Ha e/leKTpoLeHTpanaTa e Ja
npeAnasu eseKTpoOMeXaHMYHOTO 060pyABaHe, KoeTo npeobpasyBa NoTeHuMa HaTa
€Heprusa Ha BoJaTa B €/IeKTPMYECTBO, OT aTMOChEPHUTE BIUSAHMA. BposaT, BUABT U
cunata Ha Typ6o-reHepatopuTte, TAXHaTa KOHMUrypaums, HanopHa Cxemarta M reo-
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MopdosioruaTa Ha o6eKTa onpegenart dopmarta M pa3mMepa Ha crpajara.

KaKTo e nokasaHo B Ta6/amuarta no-Aony, cieaHoTo o6opyaBaHe TpsA6Ba Ja e
Ha/IMYHO B €/lHa e/IEKTPOCTaHLMA:

» BXOAHA BpaTa MM Knana

» TypOUHa

» YCKOpUTEN Ha CKOPOCTTA (aKO € HeobX0AMUMO)
» reHepaTop

» CMCTEMa 3a KOHTPOA

» KOHAEeH3aTop, TpadonocT

» cMcTema 3a 3awmTa

» DC 3axpaHBaHe npu ChnewwHn cuTyaumm

» Enektpmyeckm 1 TokoBu TpaHchopmMaTopu

» ap.

®uryparta no-4o/y nokasBa CxeMaTMUeEH MOrje[ Ha MHTErpMpaHa BXoAHa Bb-
TpellHa eNeKTpoLeHTpana, NoAXoAAWa 3a CXeEMM C MasbK Hanop. OcHoBaTa e YacT
OT f3a M BKJ/IOYBA BCMYKBAHETO HA CMMAa C CBOSA KOPOHa, TypbuHaTta Ha KannaH
C BepTMKa/iHaTa 0C, CbeMHEHA KbM reHepaTopa, NMpoeKTo-TpbbaTta M onaliKara.
KoHTposHOTO o6opyaBaHe M M3xoaHMTe TpaHchopmaTopu ca Mo3MLMOHMPAHM B
NpefHUst OTBOP Ha reHeparopa.

C uen Ha ce Hamann BBBAGﬁCTBMeTO BbpXYy OKOJIHaTa Cpeia, €JIEKTPOLEHTpPa-
nata MoXe aa 6bae u3usaao noj soaarta. 1o To3M HaYMH HMBOTO Ha 3BYyKa LUe ce
HamMaJiM1 1 BU3yaJIHOTO B'b3p,el‘;ICTBl/Ie € HyJla.
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B cxeMuTe CbC cpefieH M BUCOK HaMop, eNeKTPOCTaHLMMTE Ca Mo- KOHBEHLMO-
Ha/HM (BMX durypara [jo/1y) C BXO/ 3a HarnopHMsA BOJOMNPOBO/ M onalukaTta. Bbnpe-
KM, Ye He e 06MYarHO, TO3M BM/ €/IEKTPOCTaHLMA MOXKe Aa 6bJe noj 3emaTa.

EnekTpocTaHuuATa MoXe Ja 6be CblWOo Taka B OCHOBaTa Ha CbliecTByBall
A30BMP, KbAETO BOAATa MPUCTMra npes CblecTByBall, OTBOP Ha AbHOTO WJIM MNpeE3
BXxoAHa Kyna. durypa 1.4 , naBa 1 noKassa Ta3u KOHMUrypauus.

KakTto we ce Buam B NnaBa 6.1.1.2, HAKOU KOHpUrypaumm Ha TypoUHMTE MNO3-
BOJIABAT 3a UAaaTa CM OCHOBA, Ja Ce MMHaBa Npe3 TAX, MW Aa HAMEeNAT 3aTBapA-
HeTo Ha TpadonocTa U KOHTPOJIHOTO obopyaBaHe. NHTerpMpaHeTo Ha TypouHaTta m
reHepaTopa B eAMHMYHA BOAOYCTOMUYMBA €AMHMULIA, KOATO MOXKE Ja Ce MHCTaaupa
AVPEKTHO BbB BOAHMA KaHasl, 03HayaBa Y€ KOHBEHLMOHA/IHaTa €/IeKTPOCTaHUMSA He
€ HeobxoamMMa (KpyLLKa 1 CUOH).

IV.7.2. XudpassiudHU myp6uHu

LenTta Ha xnapaBanyHaTa TypbmHa € Aa TpaHChopmMMpa NoTeHUMaIHaTa eHep-
rMa B MEXaHMYHA pOoTaLMOHHA eHeprusa. Bbnpeku, ye To3n HapbYHKMK He JaBa YKa-
3aHMA 32 NPOEKTUPAHETO Ha TYPOMHUTE (ponATa Ha TYPOMHMUTE € 3ana3eHa 3a npo-
U3BOAUTENINTE) YMECTHO € Aa Cce NpeAoCTaBAT HAKOJIKO KpUTEPMM 3a HACOYBAHE Ha
M360pa 3a NpaBMIHA TypOMHA 3a NPaKTUYECKO NPUJIOKEHME U AaxKe 3a Aa Ce npe-
AocTaBM noaxodAwa dopmyna 3a onpegensiHe Ha OCHOBHMUTE U M3MepeHUA. Tesu
KpuTepum 1 popmMyn ca 6asmpaHu Ha Tpyaa Ha Siervo u Lugaresi, Siervo u Leva,
Lugaresi 1 Massa, Austerre u Verdehan, Giraud u Beslin, Belhaj, Gordon, Schweiger
n Gregorand 1 apyrm, KOMTO NpeaocTaBuxa cepua ot OpMyn, Ype3 aHa/IM3U Ha
XapaKTEPUCTUKUTE Ha MHCTA/IMpaHUTE TypomHU. HeobxoamMmo e ga ce noayeprae
oba4e, 4ye HUTO eaMH CbBET HE MOXKEe Ja Ce CpaBHMU C TO3M, NpeaoCTaBEH OT Npo-
U3BOAUTENSA, U BCEKM, KOUTO TPbrHE JAa pa3paboTBa TakMBa CXeMM TpAbGBa jAa ce
OTHecCe A0 Npou3BOAMTENS OT CaMOTO 3ano4yBaHe Ha pa3paboTBaHe Ha MPOEKTa.

IV.7.2.1. Budose u KoHpuzaypayus

MoTeHuuanHaTa eHeprma BbB BOJaTa Ce npeBpblla B MEXaHNYHa €HepPrmAa B
Typ6l4HaTa, OT €4Ha U1 ABa beHﬂ,aMeHTaJ'IHM M TOTaJIHO pPa3/IMv4HN MEXAHN3MUN!

» HanaraHeTo Ha BoZaTa MOXe Aa npusara cu/ia Ha 4esioTo Ha nab3rava Ha
nepkarta, BbpXy KOSTO Naja Bogarta, KOSITO Ce HaMmasifaBa, J0KaTo NpeMMHaBA
npe3 TypbuHarta. TypouHmnTe, KOMTO DYHKLMOHUPAT NO TO3U HAYMH CE HapK-
YyaT peakuuoHHU TypouHM. O6BMBKaTa Ha TypOMHaTa, C N/ib3radya HambJHO
noTtorneHa BbB BoAaTa, TpA6Ba Ja € A0CTaTbyHO CTabuaHa, 3a Ja YCTOM Ha
onepauyoHHOTO HansaraHe. TypouHmte Ha PpaHcmc 1 KannaH npuHagnekar
KbM Ta3u KaTeropus.

» HanAaraHeTo Ha BogaTa ce NnpeBpblla B KMHETMYHA eHeprus npeau Aa npe-
MWHe npes nab3rava. KuHeTuyHaTa eHeprms e BbB hopmaTta Ha BUCOKOCKO-
POCTHA CTpYys, KOATO yApA NepKuTe, MOHTMpaHa Ha nepudepmaTa Ha Nib3-
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rada. TypomHMTE, KOUTO DYHKLMOHMPAT MO TO3M HAYMH CE€ HapMyaT UMMYJIC-
HWM TYp6MHU. Hal-mM3BecTHaTa MMMyCHa Typ6uHa e MenTbH.

IV.7.2.2. UmnyacHuU myp6uHu

A. Typ6uHM Ha MNenTbH

TypbuHuTte Ha [enTbH ca UMNY/ICHU TYPOUHM, KbAETO €4AHa MU NoBEYE CTPyM
yAPAT KONeNoTo, KoeTo MMa no nepudepuata cM MHOro nepku. Bcaka ctpya ms-
XBbpA BoAa Npe3 A3a C Kaana 3a KOHTpPo Ha notoka (Purypa 6.4). Te ce 13nons-
BaT CaMo 3a BMCOKM Hanopu ot 60 M go noseye oT 1 000 M. Ocute Ha Aro3aTta ca B
niaHa Ha nab3rada. B cnyyar Ha cnewHocT cnupaT TypbuHaTta (T.€. B Cy4aM Ha
OTXBbp/ISiHE Ha TOBapa), CTPyATa MOXe Ja 6bae npeBbpHaTa B AedIeKTop, U TaKa
HAMA Ja MOXKe Aa yApA NEPKMTE U Nb3ravybT HAMA Aa MOXe Ja AOCTUTHE CKOpPOCT-
Ta Ha U3bAreaHe. B To3M cay4yaM Kianata TpA6Ba Aa ce 3aTBOPU MHOro 6aBHO, Taka
ye CBpbX-HaNAraHeTo Aa HaxJlye B TpbbaTa U Aa 3ana3u AOonyCTMMOTO HMBO (MakKC.
1.15 cTaTUYHO HanAraxe).

Mpu BCAKO M3/M3aHE OT Mib3rava ce rybu KMHETUYHA eHeprusa, nepkuTe ca
NPOEKTUPaHM TaKa, Ye Aa 3anassaT M3XoAHATa CKOPOCT A0 MUHUMYM.

TypbuHa Ha lMentbH C egHa UM [Be CTPYM MOXe Aa MMa BepTMKaIHa MU
XOPU30HTa/IHA OC, KaKTO € NoKa3aHo Ha durypa 6.5. TypobuHuTe C TpU MAK NoBeYe
AH03M MMAT BEPTMKAIHM OCU. MaKCMMasIHMAT 6poM Ha Ato3uTe e 6 (He e 06MYalHO
3a Ma/IKN XUAPOLEHTPasIn).

Mnb3raybT Ha Typ6l/IHl/ITe OOGMKHOBEHO € 3aKpereH Ha reHepatopHaTta wWwaxta 1
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e 6bAe HaZ HUBOTO Ha ZJO/IHOTO TEYEHME.

EdeKTrBHOCTTA Ha TypburHaTa Ha MNentbH e aobpa ot 30% go 100% oT Makcuman-
HMA 4eBUT 3a eAHOCTpYMHA Typ6uHa 1 oT 10% ao 100% 3a MHOrOCTpyMHa TypouMHa.

B. Typ6uHu Ha Typro

Typ6uHata Ha Typro Moxe aa gyHKUMOHMpa noa Hamnop B obcer oT 50-250
M. KakTo npu Tasm Ha MentbH, T4 € MMNy/cHa TypouHa, obaye HEMHMTE MEPKM ca
pas/IM4HM U BOoAHATa CTPyA yApA paBHMHaTa B nab3rada nog brba ot 20°. Bogara
HaB/IM3a B NJib3raya rnpes ejHarta CTpaHa Ha nib3rayHua AUCK U M3un3a oT Agpyrara.
Moxe aa dyHKumoHupa mexay 20% 1 100% oT MakCMMaHUA NPOEKTEH MOTOK.

EdeKTMBHOCTTA M € No-Masika OTKOJIKOTO MpU TYpouHUTE Ha MentbH n OpaH-
cnc. B cpaBHeHMWe ¢ Tasu Ha lentbH, TypouHata Ha Typro Mma no-BMCOKa poTa-
LIMOHHA CKOPOCT 3a CblUMA MOTOK M Hanop. TypbuHata Ha Typro moxe aa 6bae
a/nTepHaTMBa Ha Tasn Ha PpaHCcUC, KoraTo NOTOKBT BapMpa MM B C/lyYam Ha Abbr
HarmopeH BOAOMNPOBOA, TbM KaTo AedneKTopuTe No3BosIABAT Aa C€ OTXBbPJIM CKO-
poCTTa Ha uU3bAreaHe B C/lydas Ha OTXBbPJIAHE HA TOBAap M €BEeHTyasiHaTa nossa Ha
BOZEH YYK MpU NON3BaAHETO Ha Typ6MHaTa Ha OpaHcuc.

C. Typ61HM NpH HanNpe4eH NoToK

Ta3u nmnyncHa TypomuHa, M3BecTHa oule Kato baHKM-Muwen ce nonsea LWKMPO-
KO NPpW Hanopu HaAXBbPAALLM Te3u Npu TypouHMTe Ha KannaH, ®paHcuc m MenTtbH.
Moxe fa dpyHKUMOHMpa ¢ Hanopu Mexay 5 1 200 m.

distributar

runner !

blades *

water flaw
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BoaaTa HaB/iM3a B Typ6buHaTa, Hanpas/ifiBaHa OT €4Ha MM NMOoBeYe Hamnpass-
BaLLM MEPKU, Pa3NOJIOKEHNU CPELLY TEYEHMETO Ha MJTb3raya M ro npecuya Asa Mbtu
npeau Ja ussiese oT TypouHaTta. To3M ONPOCTEH MPOEKT A NMPaBM €BTUH BApMaHT U
JIeCEH 3a PEMOHT M B C/lyYal, KOrarto rnjib3raya cnupa nopaam BaKHO MEXaHWYHO
HaTtoBapBaHe. TYpO6MHUTE MPU HanNpPeyeH MOTOK MMAaT HMCKa ePEKTMBHOCT B CPaB-
HEeHMe C ApYrv TYp6MHM M BarkKHaTa 3ary6a Ha Hamnop nopaau pasCTOSAHMETO MEXAY
Mb3raya M HUBOTO Ha A0/IHOTO TeYEHUE TPAGBA Ja Ce B3eMe NMpe/Bm/, Korato cTaBa
BbMPOC 3a HUCBK MM cpeeH Hanop. Oule noseye, nab3ravynte Ha TYpOUHUTE MpU
HanpeyYeH NoTOoK NpM BUCOKM HAMOpHW MOXKeE [la Cb3AaBaT NPO6EMU C HAAEXKAHOCTTA
nopajM BUCOKOTO MEXaHWYHO HaToBapBaHe. ToBa € MHTepecHa a/lTepHaTMBa, Kora-
TO Ca Ha/IMLE MHOIO BOJa, ONpeAesieHN EHEPruMHM HYKIN, MASIKM MHBECTMULMOHHM
Bb3MOXHOCTM, KaTo HanpMmMep Nporpamm 3a enekTpmdmrKaums Ha cenara.

IV.7.2.3. PeakuyuoHHU myp6uHu

A. Typ61HM Ha DpaHcuc

TypouHuTe Ha PpaHCUC Ca peakUMOHHU TYPOMHU, C (PUKCUPAHM NADB3raym M
HanpaB/ifiBalLM NEpPKU, KOUTO MoraTt Ja ce peryavpart U ce M3Mnon3Bat npu cpeaHu
Hanopu. B Te3n TypbMHM BCMYyKBaHETO € BMHaru paguvasHo, HO M3X0Za € OCEBM.
CHMMKa 6.3 noKasBa XOpM30HTa/IHaTa OC Ha Typ6uHaTa Ha ®PpaHcuc. O6UYAMHOTO
UM npunoxeHne e Hanop ot 25 ao 350 M. Kakto npu TypomHuTe Ha enTtbH, Tesun
Ha ®paHCMUC MoraT Ja MMaT BEPTUKAJIHU U XOPU3OHTAJIHM OCU, Ta3u KOHUrypaumsa
€ YecTo cpeLlaHa npu MaakmMTe XMApPOCXeMH.

Typ6uHUTE Ha OpaHCUC MoraT Ja ce NosioXKaT B OTBOPEH Y/IeM MM Aa ce Npu-
KPensT KbM HamnopeH BoAONpPoBOA. 3a MaJlkM Hanopu M OTBOPEHMU €. YNIEN Ce U3-
MoN3BaT YecTo, o6aye NoHacTosALlEeM TypbMHUTE Ha KannaH npeacTaBAT no-406po
TEXHUYECKO M MKOHOMMYECKO peLLEHNE B TaKMBa €/IEKTPOLEHTPAsIN.

BogaTta HaBM3a B Typ6GUHaTa Npe3 cnupasiHa KyTus, KOATO € NpoeKTUpaHa Aa
NnoAAbp)Ka TaHreHTHATa CKOPOCT, KOAATO € MOCTOAHHA MO NPOTEXEHWE Ha Nocsieso-
BaTe/IHMTE y4YyacTbUM M Aa A pasnpeaens nepudepHo Ao aAMcTpubytopa. Kakto e
MoKasaHo Ha durypa 6.9, TasmM Mma NOABUNKHM HACOYBALLM NEPKU, YMATO DYHKLUMA
€ Ja KOHTpo/iMpaT AebuTa HaB/M3all B NJib3rada M Ja afanTupaT BXOAHWMS brbJi
Ha NMOTOKA KbM BI/IMTE HAa N/b3rava. Te ce BbPTAT OKOJIO OCTa CMU, KAaTo CBbp3BaT
Bb3/IMTE, MPUKPENEHN KbM FONSIM 06pbY, KOMTO CMHXPOHM3MPA ABUMKEHMETO Ha
nepkute. Te moraT Aa ce no/3BaT 3a CMUPAHETO Ha MOTOKa B Typ6MHaTa B CMELIHU
CUTyaUuM, BbMPEKM Ye TAXHOTO M3MON3BAHE HE M3KJ/II0UYBA MHCTA/IMPAHETO Ha Kaana
TUN NenepyAa Ha BXoAa Ha TypbuHata. Mab3raybT TpaHchopMMpa XuapaBanyHaTa
eHeprma B MexaHM4YHa M 5 Bpbllia 0CEBO B M3CMyKBaLlaTa Tpbbarta.

Mankute xmapo nab3raym 06MKHOBEHO Ce M3paboTBaT OT 0OBUBKM OT HEPBHXK-
flaema CToMaHa. Hsakou npousBogmTeny nonssar CbLyo Taka alyMMHUEBU U BPOH30-
BM OOGBMBKM MM 3aBapeHM OCTpMETa, KOMTO OOMKHOBEHO AMPEKTHO Ce NpUKpenaTt
KbM LUaxTaTa Ha reHeparopa.

MpoekToTpbbaTa Ha PEAKUMOHHUTE TYPOMHU Ce CTPEMM Ja NOKPUE KMHETUYHA-
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Ta eHeprmsa BCe OlLe OCTaHa/la BbB BojaTa, M3/iM3alla OT nib3rada. TbM KaTo Tasu
€eHeprua e nNponopLMoHasHa Ha KBaJapaTa Ha CKOpPOCTTa, e4Ha OT ue/MTe Ha Tasu
Tpbba e Aa HaMan u3xogHaTa CKOPOCT Ha TypbmHaTta. EdeKTMBHaTa NpoeKToTpboa
61 MMana KOHYCOBUAHO CeYeHMEe, HO BIrb/ibT HE MOXE Ja € MHOro roasm, B Npo-
TUBEH CJIyYaM e ce obpa3yBa pasfesiasHe Ha NoToKa. ONTUMANIHUAT brba € 7°, HO
3a [la Ce HamanM AbJIKMHATA Ha NPOEeKTOTpbbaTa U CbOTBETHO HEMHATA CTOMHOCT,
NOHAKOra brauTe HapacTeaT 4o 15°.

Mpy ManbK Hanop, no-BaxHa e NpoeKToTpbbaTa, TbM KaTo HUCKMA Harop O6MK-
HOBEHO HaJslara BUCOK HOMMHaNEH Ae6MT, CKOPOCTTa Ha OCTaHaslaTa BoAa B M3Xxo4a
Ha Nab3rada e JocTa BaykHa. J/IeCHO MoXe Aa ce pasbepe, Ye npu pUKCHMpaHma am-
aMeTbp Ha NJib3raya, CKOPOCTTA L€ HapacHe, aKo MOTOKbT TPbrHe.

B. Typ61HuM Ha KannaH 1 Typ6MHM € BUTAA

Typ6uHMTe Ha KansaH 1 Te3un € BUTAa ca peakUMOHHU TYpOMHM C OCEBM MOTOK;
Nnon3BaHM OGMKHOBEHO MpU ManbK Hamnop oT 2 Ao 40 M. TypbuHata Ha KannaH Mma
NPUCNOCO6GAEMM NIB3rAYU-NEPKM U MOXKE UJIM HE MOXKE Aa MMa NpUCnocobsemMn Ha-
npaBasABaLLM NEPKU. AKO U NABb3ravumTe 1 NepKM ca NpMcnocobsemu, To Te ce onmc-
BaT KaTo ,,JIBOMHO-PEry/IMpaHn“. AKO HamnpaBasBalLUTe NEpKM ca PUKCHMpaHM Te ca
,€AHOKpaTHO-peryampaHm. TypouHute Ha KannaH ¢ dUKCMpaHU Nab3rayum-nepkm
Ca Hape4eHU TYpOoMHM C NepKU. Te ce Non3BaT KOrato M NOTOKbT M HAMOpPbT OCTaHaT
MPaKTMYECKU MOCTOAHHM, KOETO € XapaKTepUCTUKA, KOATO M NpaBM HEO6MYaMHM B
MaJIKU XMAPOCXEMM.

/IBOMHOTO peryavpaHe no3BosisiBa Mo BCSKO BPEME 3a aZlanTUPAHETO Ha Nb3-
raya M HanpasiABaLMTE MEPKM Aa Ce MPUKPENAT KbM BCAKA Bapuaumsa B Haropa
nnn aebuta. ToBa € Hal-rbBKaBaTa TYpOUHA, KOATO MOXKeE Aa DYHKUMOHUPA MeXAay
15% 1 100% OT MakCMManHUA NPOeKTeH AebuT. EAHOKpaTHO peryavpaHaTa TypouHa
Ha KannaH no3sosdABa fo6pa aganTauma KbM NPOMEHUTE HA HA/IMYHUA NOTOK, He e
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NO-MaJIKo MBKaBa B C/ly4amTe Ha rosieMn BapMaLmMm B Hanopa. Te morat ga pabotat
c 30% 1 100% OT MakCMMaJIHUA NPOEKTEH AEOUT.

/1BOMHO perynupaHaTta Typ6uHa KaniaH e MalumHa ¢ BepTUKasiHa 0C, C KOHDU-
rypaums oT crnvpasiHa 06BMBKa M paAMasiHM HanpaB/isBally nepku. MoToKbT npe-
MMHABa No paJuasieH NbT HAaBbTPE M NPaBU 3aBOM OT MpaB brbJl Npeau Aa Bfese B
MAb3raya B Nocoka KbM ocTa. CMcTeMaTa 3a KOHTPO/ € NPOEKTMPaHa Taka, Ye npo-
MsIHaTa B brbJla Ha NepKaTta ce NpuKayBa C HanpaBasBallMTe NepKM, 3a Aa ce nosy-
YM HaM-A06pa e(DEKTUBHOCT B rOIIM 06CEr OT TeyeHMsa M Hanopu. Mepkute morat
Jla ce BbpTAT, JoKaTo TypbMHaTa paboTu, Ype3 Bpb3Ka, NOCPEACTBOM BEPTMKAJIEH
JIOCT NAIb3raly ce BbTpe B KyxmMHaTa Ha oCcTa Ha Typ6uHara.

YTanutenHute eauHuuM npousnmsat oT TypouHuTe Ha KannaH, ¢ reHeparop,
KOMTO Ce Hamupa BbB BOJOHENPOMOKAEMMSAT YTaMHMK noj Bogarta. durypa 6.13
NnoKassa TypbuHaTta, KbAeTo reHepaTopbT (M ako € He06X04MMO CKOPOCTHA KyTHA),
OXJ1aZieH OT Bb3AyXa MNoj HasAraHe, ce NocTaBA B yTaMHMKa. OcTaBaT camo en. Ka-
6enunTe, KOMTO ca HaZ/IeXXHO 06e30MnaceHM.

TypbuHuTe Ha KannaH ca Moxe 64 MalMHMUTE, KOMTO MO3BOJIABAT HaM- FONSM
6pOI Bb3MOXKHM KOHMMUrypauumu. M360pbT € KpUTUYEH B YAaCTHOCT NMPU CXEMM C HU-
CbK Hanop, KbAeTo C uen ga 6vae u3rogHo, TpsAbea Ja ce nogabprka rondam 4eouT.
MpU U3MNBbAHEHME HA CXEMM C Hanop Mexay 2 u 5 m, n geont mexay 10 1 100 m3/
CeK, ca Heob6xoaMMM Nab3raum € 1.6 - 3.2 M aMaMeTbp, NPUKPENEHN KbM reHepa-
TOpa 4pe3 yCKopuTensa Ha CKopocTTa. Kato uano xmapaBaMyHMTE NpOBOAHMUM U B
4YaCTHOCT BOAHOTO BCMYKBaHe, Cca MalLlabHW CTPOMUTENIHU paboTu, C pa3xoam, KOUMTO
OOGMKHOBEHO HaZBMLIABAT pa3XxoAuTe 3a €/IEKTPOMEXaHMYHOTO 060pyABaHe.

3a Aa ce HaManu UAnoCTHaTa ueHa (CTpOMTeﬂHMTe pa60T14 natocC o6opy,£|,BaHe-
TO) n no-cneunasziHoO pasxoamute 3a CTponTesICTBO, Ca pa3rpaHM4eHn HAKOJIKO KOH-
cbmrypau,mm, KOUTO AHEC Ce CHUTAT 3a KJ/laCUYEeCKU.

3aTBapsauwa YcKopuTen Ha
KoHdurypauymsa MNoTok

cuctema CKOpoOCTTa
BepukanHa Ha KannaH PagmaneH Knana Ha Bxoga MapaneneH
BepTukaneH nony-cudoH Ha Kannan | PagnaneH | CudoH MapaneneH
O6bpHat noay-cMdoH Ha KanaaH Pagnanen | CudoH MapaneneH
HaknoHeH nony-cmdoH Ha KannaH AkcmnaneH CudpoH MapaneneH
Kannan S AKcuaneH Knana Ha Bxoga MapaneneH
KannaH HaknoHeH npas brrbJ AxcuaneH Knana Ha Bxoaa KoHunueH
KannaH B poB AkcunaneH Knana Ha Bxoaa MapaneneH

CMCDOHI/ITe Ca HagexXaHM, eBTMHM 1 NpeaoTBpaTABAaT CKOPOCTTa Ha n3bAreaHe
Ha Typ6MHaTa, obaye Te ca LYMHHM, aKO HE Ca B3€TM MEPKMU 3a 1U30J1alMA Ha BCMYKa-
Te/1HaTa nomna 1 KnanumTte rno BpemMe Ha CTapTUpaHe 1 CMMpaHe Ha Typ6MHaTa. Aame
n Aa He Ce U3MNCKBa NpU HOpMaJlHa ornepaunmAa, 3aTBapAllaTta Bpata € CTPUMKTHO npe-
NOpbYUTEJIHA, TbM KaTo npegnasBa OT HeNnpeaBUAEHN BK/IHOYBaHUNA Ha Typ6l4HaTa,
nopogeHn ot CUJIHM NPpOMEHU B HMBATa Ha NOPHOTO U OOJIHOTO TEYEHMUE. B cnyqaﬁ
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Ha TaKbB Npob6aemM, TypoMHaTa We AOCTUIHE BMCOKA CKOPOCT M ornepaTtopa HAma
Aa MMa Bb3MOXHOCT Aa e cnpe. PeweHWeTo Ha To3u NpobsiemM € B NOA3BaHETO Ha
GEHTOBE C BXOAHM Kanu.

3a HaMaNsiBaHe Ha BM3ya/IHOTO M1 3BYKOBO B'b3,£l,€ﬁCTBM€, Haﬁ-p,o6p0To pewe-
HMe Ca noa3eMHUTE eNeKTpPpOoCTaHuMHn, HO T€ Ca €AMHCTBEHO MNOCTUAHMMU CbC S,
KOHd)l/IrypaLlMﬂ OT NyCKaHe Ha BOJa Mnoj npae brbjl UM B AMa.

KoHdurypaumaTa ycKopuTen Ha CKOpOCTTa MO3BOJIABA MO/I3BAaHETO Ha CTaH-
AapTeH reHepaTop, 06MKHOBEHO BbpTAL, ce npu 750 mam 1 000 rpm, M CbLLO Taka
€ HaJeXeH, KOMNaKTeH 1 eBTUH BapuaHT. KoHdurypaumaTa S ctaBa BCce no-nomny-
NnApHa, obayve MMa eiMH HeJOCTaTbK, Ye oCcTa Ha TypbrHaTa TpsAbBa Aa npeceye 1am
BXOZa MM Kpas Ha TpbbaTa C nocnezpasna 3aryba Ha Hanop. Han-yecTo ce nonsea
3a cpejeH Hanop U/1an XMapoeneKTpMYeCKn CXeMM C HaropeH BOAOMPOBOA,.

s

‘ertical Kaplan or semi-Haplan

inclined semi-Kaplan siphon

Cross section of a vertical Kaplan Cross section of a Kaplan siphon

power plamt

power plant

semi-Kaplan im imverted syphon

Cross section of an inclined
Kaplan power plamt

Cross section of a Kaplan imverse
siphon power plant

Right angle drive
inclined semi-Kaplan

45D

Cross section of a § Kaplan power
plant

KOHCI)I/II'ypaLI,MFITa AMa MMa neceH AOoCTbhn 3a BCUYKM KOMIMOHEHTHU Ha o6opyp,-

Cross section of an inclined right
angle Kaplan power plant



150 lMpoy4ysaHe 3a 8b3MOXXHOCMMA 3a u3zpaxkdaHe Ha B0OHoeleKmpuYecKka yeHmpana (BEL])

BaHETO, B YAaCTHOCT MPUKPENBAHETO Ha TypbMHaTa M YCKOPUTENA Ha CKOPOCTTa, Ca-
MMAT YCKOPUTEN U reHepaTopa, KOMTO Y/IECHABAT MHCMEKTMPAHETO, NoAApbKKaTa
M peMOHTa. Ta3n KOHPUrypaumsa e nonyaspHa 3a CXEMM C MHOrO MaibK Hamnop M
BMCOK A1€6UT, NO3BO/ABALLM MIb3rayvu C AMAMETHP MO-TOAM OT 2 M.

Mo CbluMTe NPUYMHM, KaKTO Npu TypbuHaTa Ha KannaH, 1 Tyk Tpsa6Ba Ja uma
M3CMYKBalla Tpbba. Mopaan HUCKMA HAMop, KMHETUYHATA EHEPrvsa € MHOMO BaXKHa,
M Ka4eCTBOTO Ha Ta3M YacT OT Typ6uHaTa He TpA6Ba Ja ce npeHe6persa.

IV.7.3. FTeHepamopu

eHepaTopuTe TpaHCHOpPMMpAT MEXaHMYHATa eHeprua B eZIeKTpMYecKa eHep-
rMA. Bbnpeku, ye egHO BpeMe XMApPOEeNeKTpUYECKMTE CUCTEMM Ca BMIM BapupaLy,
npaB TOK, 3a Aa NacHaT C ToraBalHMTE TbProBCKM €NEKTPUYECKMN CUCTEMMU, TO JHEC
B HOpPMaJiHaTa NpaKTMKa Cce noJi3BaT reHepaTopuTe C TpudaseH NpOMEHAUB TOK. B
3aBUCUMOCT OT XapaKTEpPUCTUKMTE Ha AOCTaBEHaTa Mpeka, NPOM3BOAMUTENAT MOXKE
Aa nsbepe cpea:

» CMHXPOHHM reHepaTopu: Te ca obopyaBaHu ¢ DC enekTpuyecka uam cuctema
3a MOCTOAHHO MarHMTHO Bb30yXAaHe (pOTauMOHHA MM CTaTUYHA) CBbp3aHa
C perysaTtop Ha BOATa)a, 3a Aa Ce KOHTpPo/smupa BoATOBaTa NpoM3BoauTEN-
HOCT, NpeAu reHepaTopbT Aa Cce CBbpXKe C MperkaTa. Te A0CTaBAT peakTUBHa
eHeprusa, HeobxoaMmMa 3a eNeKTpUYEeCKMTEe CUCTEMM, KOraTto reHepaTopbT €
CBbp3aH B MperkaTa. CUHXpPOHHWUTE reHepaTopu Morat Aa paboTAaT M3osmpa-
HU OT MpexaTa U Ja NpoM3BeXJaT eHeprusa, AOKaTo Bb30yAMMOCTTA He e
3aBMCMMa OT MperKaTa.

» ACMHXPOHHMU reHepaTopu: Te Ca NPOCTU UHAYKUMOHHU MOTOPU 6€3 Bb3MOXK-
HOCT 3a pery/smMpaHe Ha Bo/aTaxa M PYHKUMOHMPALLM CbC CKOPOCT AMPEKTHO
CBbp3aHa C YyecToTaTa Ha cMcTemarta. Te nosyvyaBaTt CBOAT TOK Ha Bb36yau-
MOCT OT MpexKaTa, KaTo abcopbupaTt peakTMBHaTa eHeprua oT COOCTBEHMSA
CM MarHetTusbM. [106aBAMKU CepMA OT KOHAEH3ATOPU MOXKE [ja CE KOMIEH-
Cupa 3a abcopbupaHaTta peakTMBHa eHeprua. Te He MoraT Aa reHepupart,
KOraTo ca M3KJIlYEHM OT MpeKaTta, NoHEeXe He ca CNOCOOHU Ja NpeoCcTaBAT
CBOM COBGCTBEH TOK Ha Bb36yanmocT. Obaye, Te ce M3MoJi3BaT B MHOIO MaJl-
KM CAMOCTOAITE/THU NPUIIOXKEHUA, KaTO €BTUHO peLleHue, Korato ce M3MCKBa
KayeCcTBOTO Ha AOCTABEHOTO e/IeKTPUYECTBO Aa He € OT BUCOKa Kaca.

Mog 1 MW, CMHXPOHHUTE reHepaTopM Ca MNo-CKbMNU OT aCMHXPOHHMU U Ce Nnoa3Bat
B €/1IeKTPUYECKMTE CTaHUUM, KbETO NPOM3BOAMTEJIHOCT HA reHepaTopuTe npeacra-
BJIABA 3HAYUTE/IEH [AJ1 OT TOBapa Ha esl.cMctemMata. ACMHXpOHHUTE reHepaTopu ca
NO-eBTMHU U C€ M3MON3BaT B YCTOMUYMBU MPEXKM, KbAETO TAXHATA NPOU3BOAMTEN-
HOCT € He3HauMTe IHa YacT OT ToBapa Ha en.cuctemarta. EdektuBHocTTa 61 6Mna 95
% 3a 100 kW MawmHa 1 Moxe Aa HapacHe 4o 97% cnpsmo npou3BeaeHaTa MOLLHOCT
oT TMW. E(deKTUBHOCTTA Ha CMHXPOHHUTE reHepaTopu € MajKo Mo-BuUCOKa. Kato
LA10, KOrato MOLLHOCTTa HaZBMLLUM HAKOJIKO MVA | Toraea ce MHCTa/iMpa CUHXPOHEH
reHepartop.
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MoHacToAweM, CUCTEMUTE C BapMpalla CKOPOCT M NOCTOAHHA YecTtoTa (VSG), B
KOMTO CKOpPOCTTa Ha TYPOUHMTE € NO3BOJIEHO Aa BapMpa B LUMPOKM rpaHULM, JOKATO
BOJITa’Ka M YyecToTaTa ce 3anasBaTt MOCTOAHHM M HepaspyLleHM, Beye ca HaJM4YHM.
Mpeo6pasyBaTeNAT Ha YECTOTa, KOMTO Ce U3MO0/13Ba 3a Aa CBbpKE reHepaTopa npes
Bpb3Ka DC ¢ MpexxaTa MoXe Jaxe aa ,,CMHXPOHU3MpaA“ MperkaTta npeau reHeparopa
[a 3anoyHe Ja ce BbpTU. TO3M NOAXO0A YecTo ce npeanara Kato cpeAcTBo 3a Mo-
AobpaBaHe Ha U3MNbJIHEHMETO M HaManABaHe Ha pa3xoamte. Ho HAMa aa ce CTUrHe
[0 HamasisiBaHe Ha pa3xoAuTe, ako ce nosi3Ba TypoMHa C MepKMU, ako ce npemaxHe
peryampaHeTo Ha nab3rada. Cblo Taka He e Bb3MOXHO Ja ce nojobpu npoms-
BOZICTBOTO Ha €HEprusi B CpaBHEHME C JBOMHO-peryanpaHata TypémHa Ha KannaH.
Ob6a4ye, Ma peauua cnyyvyaum, KbaeTo paboTtata C NPOMEHMBA CKOPOCT MU3raexaa
NOAXO4ALLO peLleHMe, T.e. Korato HanopsbT Bapupa B 3HaYMTE/IHA CTEMNEH.

OnepaunoHHUAT BONTAX Ha reHepaTopa HapacTBa C MoWwHoCT. CTaHaapTHUTE
Bo/TOBE 3a npom3BoAcTBo ca 400 V mam 690 V no3sonsasaTt Noa3BaHETO Ha CTaH-
AapTHU TpaHChOpMaTOpH Ha pa3npocTpaHEHUE U MOJI3BaHETO Ha reHepMpaH TOK 3a
3axpaHBaHe B 3aBOJa Ha e/l.cuctemarta. ['eHepaTtopuTe ¢ HAKONKO MVA 06MKHOBEHO
ca rMpoeKTUpPaHM 3a No-BMCOKM OMNepaLMOHHM BOJITOBE [0 HAKOKO KV 1 ca cBbp3a-
HW B MpeXKaTa, NoS3BalKKM peryavpaH TpaHcdopmaTtop. B To3u cayyam e Heobxo-
ANM He3aBMCUM TpaHcdopmatop HT/LT 3a JonbAHUTENHO AOCTaBAHE HA eHeprus
OT eNeKTpoLueHTpanara.

IV.7.4. KoHmpon Ha mypbuHume

Typ6uHUTE Ca NPOEKTUPaHM 3a onpeesieH Hanop 1 Ae6uT. Bcsko oTKI0HeHWe
OT TE3M NEPUMETPU MOXKE Aa 6bAe KOMMEHCMPAHO 3a OTBApSHE W/IM 3aTBapsHE Ha
KOHTPOJIHUTE YCTPOMCTBA, KaTO HarNpuUMep BPaTMYKM, Knanu, pe3epBHM A03M Ha
KnanuTe, He3aBMCMMO Ja/i e NoAAbprKaT M3Xo4HATa eHeprus, HMBOTO Ha BoJHa-
Ta NMOBBPXHOCT Ha BX0Aa M/IM MOCTOSIHHMA A€OUT Ha TypbuHaTa. B cxemu cBbp3aHm
C M30/IMpaHaTa Mperka, NapaMeTbpbT KOMTO TpsA6Ba Aa 6bjAe KOHTPO/IMpaH € CKo-
pOCTTa Ha Typ6MHaTa, KOATO KOHTpO/IMpa YecToTaTa.

B He cBbp3aHa cMCTEMA, aKO reHepaTopbT CTaHe MpeHaToBapeH, TypbuHaTa
3anoyBa Aa HamasisiBa CKOPOCTTa, 3aToBa MMa HyXKAa OT MOKayBaHE Ha MOTOKa Ha
BOZaTa, 3a Ja Ce rapaHTupa, yYe TypbmHaTa HAMA Aa cripe. AKO HAMA A0CTaTbyHO
BOZa Aa HarnpaBu TOBa, TOraBa 4YacCT OT TOBapa TpsibBa Aa Ce NpeMeCcTU UM Typou-
HaTa TpAbBa Aa ce crnipe. O6bpaTHO, ako TOBapbT 6bAE HamasneH, ToraBa MOTOKbLT
KbM TypOMHaTa e HapaCcHe WM e ce 3anasm NOCTOAHEH M AOMbJ/IHUTENIHO EHEp-
rMa MOXKe Zla ce pa3ToBapM B €/1. TOBap, CBbP3aH C TEPMMHA/IMTE HA reHepaTopa.

AKO NMbpBUAT NOAXOJ, PEry/IMPAHETO Ha CKOPOCTTA (4ecToTaTa) € HOpPMasHO
3aBbPLUEH Ype3 KOHTPOJIa Ha MOTOKA; M3YMC/ISBa Ce OTBapSAHETO Ha BpaTtaTa, 3a4-
BUXKBALLOTO YCTPOMCTBO JaBa HEOBXOAUMMTE MHCTPYKLMM Ha CEepBOMOTOpa, Koe-
TO AaBa pe3y/TaT B yAb/IKaBaHETO MM M peTpakuMATa Ha CepBO JiocTa. 3a Ja e
CUrypHO, Ye JIocTa AEeMCTBMTENIHO AOCTUra M3YMC/IeHaTa No3mums, ce NpeaoCTaBs
o6paTHa Bpb3Ka /10 €/1IeKTPUYECKOTO 3aIBUKBALLIO YCTPOMCTBO. Te3u YyCTPOMCTBaA Cce
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Hapu4ar ,,perynatopu Ha cKopocTTa”.

BbB BTOpMA noaxoa ce AonycCKa, 4e€ npu nbJjieH TO0Bap, MOCTOAHEH HaMop U
NOTOK, Typ6l/IHaTa e beHI-(LIMOHl/Ipa C NPOEeKTHa CKOPOCT, 1M MO TO3N HAa4YMH LLE noj-
AbpKa UEJIAT TOBAp OT reHepaTtopa; U T4 e pa60T|4 C NOCTOAHHa CKOPOCT. AKo To-
BapbT HamMasiee, Typ6l/IHaTa e KJ10HM KbM HaMa/1ABaHE Ha CKOPOCTTa. EﬂeKTpOHeH
CEeH30p, U3MepBall 4ecTtoTaTa e 3aCnya OTKJIOHEHHNE U HaJEeXKAEH U HE CKDbN €.
perynatop Ha ToBapa Lie rnpeBkK/to4Ba Ha rnpeaBapmUTesIHO 3aeaHO CbMpOTUBJIEHUE
M TaKa We ce nogabvpixa C TOYHOCT CMCTEMATa Ha YecToTaTta.

KoHTpoampalyuTe yCTpPoMCTBa, KOMTO CieABaT MbpBMA NOAXOA HAMAT OrpaHu-
YeHMA B MOLHOCTTa. EnekTpoHHMTe perynatopu Ha ToBapa, paboTelm CbraacHo
BTOPMAT NOAX0A pPAAKO HaaBMwasaT KanauuteT 100 kW.

IV.7.4.1. Peaynamopu Ha ckopocmma

PerynatopbT € KOMOGMHAUMS OT YCTPOMCTBA M MEXAHWM3MM, KOMTO 3acMyat OT-
K/IOHEHUS B CKOPOCTTA M ' Npeo6pasyBaT B NPOMSIHA B NOJIOKEHNETO HAa CEPBOMO-
Topa. YyBCTBMTENIEH HA CKOPOCT €/1IEMEHT OTKPMBA OTK/IOHEHME OT YCTaHOBEHaTa
TOYKa; TO3M CUIHaN 3a OTKJIOHEHME € NpeobpasyBaH M pasnpoCTpaHEH Ja Bb36yam
3aBUKBALLMA MEXAHM3bM, XMAPAB/IMYEH MU €/IEKTPOHEH, KOMTO KOHTPO/IMpA BO-
AHWA NOTOK B Typ6uHaTa. B Typ6rHaTa Ha ®paHcUc, KbaeTo ce Hab/ilodaBa Hamans-
BaHe Ha BOJHMS NOTOK, TPSAGBa [a Ce 3aBbpTAT BpaTUUYKMTE. 3a TOBA € HEOOXOAMM
MOLLIEH reHepaTop, 3a Ja Npeojosiee XMAPABIUYHMUTE U CUIUTE Ha TPUEHE U Ja
noaAbprka BPaTMUYKUTE B YAaCTMUYHO 3aTBOPEHO MOJIOKEHME MM Aa I'M 3aTBOPM Ha-
MbJIHO.

Hakonko Bnpa reHepatopu Ca HaJIt4HU OT CTapU HAUCTO MeXaHNYHN O MeXaHO-
XnapaBJ/IM4HN U MEXAHO-EJIEKTPOHHMU. YUcTo MexaHUYHUAT perynatop ce 13nosiaea
npu Masikm Typ6l4Hl4, 3apajin CBOATa KOHTPOJIHaA KJiafna, C HEro 1eCHO ce onepupa
M HE M3UCKBA OCOBOEHM ycunma. Tesu perynatopu nos3Bat MEXaHM3bM 3a o6paTeH
X0J, 3aBUXKBaAH OT LUaxTaTa Ha Typ6MHaTa. npOM3BO,D,MTefIHOCTTa OT TO3U MEXaHMU-
3bM - OCTa Ha O6paTHMFI X044 HaMasiAaBa UJIN Ce MNMOoKa4Ba B 3aBMCMMOCT OT CKOPOCTTa
Ha Typ6MHaTa - ANUPEKTHO 3a4BUXKBa KJialnaTa, pa3rnoJioXXeHa Ha BXOoJa Ha Typ6l4Ha-
Ta.

IV.7.5. O6opydsaHe 3a pa3npedesiumesiHomo ycmpolcmso (mpagponocm)

B MHOro ctpaHu pasnopef6ute B eNIeKTPOCHAbAABaHETO HanaraT 3aKOHOBO
334 b/IKEHUE 3a eN.Apy}KecTBaTa Aa NoAAbp}KaT CUIYPHOCT M KavyecTBO MNpM CHab-
AABAHETO C e/IeKTPMYECTBO B OnpeaesieHn rpaHmum. HesaBUMCMMHUAT Nnpom3BoauTen
MO3e Zla pbKOBOAM CBOSA 3aBOJ, MO TaKbB HAYMH, Ye ApYXKECTBO Ja Ce Ha0XM Ja ce
Cbobpa3un C HeroBuTe M3UCKBaHMA. ETO 3aw0 ce M3MCKBaA Ha/IMYMETO Ha CBbp3aHU
eNleKTPMYECKM YCTPOMCTBA BbTPE B €/1EKTPOLEHTPAIMTE 32 CMIYPHOCT M OMnasBaHe
Ha o6opyzBaHeTo.

PasnpeaenuTenHoTo YCTPOMCTBO TPSAGBaA Aa 6bAe MHCTAIMPAHO Aa KOHTPO/IMpa
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reHepaTopuTe U Aa NoAAbprKa Bpb3Ka MEXAY TAX M MpexaTa MM C U30/IMpaH To-
Bap. Tpa6Ba Aa nNpeAocTaBs 3alluTa Ha reHepaTopuTe, OCHOBHUSA TpaHcdopmaTop
1 TpaHcdopmaTopa 06C/yKBall, cTaHuMATa. MpeKkbcBaYybT Ha reHepaTtopa, He3aBu-
CUMO [la/1 Ce 33/IBUXKBa OT Bb3/lyXa, MarHETMYHO MM C BaKyyM, C€ M3M0/3Ba, 3a
Jla Ce€ CBbPKE M/IM NPEKbCHE reHepaTopa C e/leKTpMYecKata Mpexa. TpaHcdhopma-
TOPUTE MHCTPYMEHTU, KaKTO enekTpuyeckmTe TpaHchopmatopu (PTs) M ToKoBuTe
TpaHcchopmatopu (CTs) ce M3Mon3BaT Aa NPEeBPbHLIAT BUCOKMTE BOITOBE M TOKA 10
Mo-ynpaB/isemMM HMBA 3a M3mepBaHe. O60py/BAHETO 32 KOHTPOJI Ha reHepaTopuTe
ce M3Mo0/3Ba Jja KOHTPO/IMpa BOJITaXKa Ha reHepatopa, (pakTopuMTe Ha MOLLHOCT M
TOKOBMTE NMPeKbCBaYM.

3awpmTarta Ha aCMHXPOHHUTE reHepaTopu TpAbBa Aa BKJOYBa, Cpej, BCUYKM
APYrU U cnegHuTe: pene ¢ obpaTHa MOLLHOCT, 3awmTaBaly, OT MOTOPUHT, Aude-
pPeHUMasIHM TOKOBM peJieTa CpeLly BbTPELUHM NoBpeau B HAMOTKaTa Ha ctaTtopa re-
HepaTopa; pe/sie 3a NnoBpean Ha 3eMATa, NpeAoCcTaBAWM obpaTHa Bpb3Ka, KakTo U
3awWuTa OT aBapMm Ha 3eMATa Npu reHepartopa, U Ap. 3awmrara Ha enekTpUYecKma
TpaHcdopMaTop BK/IH04BA MOMEHTHO CBPBbX-TOKOBO peJie U NPOAbJ/IKUTENIHO CBPbX-
TOKOBO peJie 3a 3alimMTa Ha OCHOBHMA TpaHcdopMaTop, Korato ce 3aceye nospeja B
cMCTemMaTa Ha LUMHaTa MM ce NoABM BbTpeLlHa NoBpeZia B OCHOBHMA eN1EKTPUYECKU
TpaHcdopmatop.

He3aBUMCUMMAT NpoM3BOAMTEN € OTFOBOPEH 3a CMOrof6uTe 3a 3a3emMsBaHe B
PaMKKUTE Ha MHCTanaumaTa. Ts TpabBa Aa 6bae NpoeKTMpaHa Cbo6pa3HO KOMYyHas-
HUTe apyxecTBa. CnopasyMeHMATa 3a 3a3eMsBaHe e 3aBUCAT OT 6pos Ha eauHM-
UMTe, KOMTO NONI3BaT M COBCTBEHATA CMCTEMA 3a KOHMIypaums Ha Npon3BOAUTENSA
1 onepauMoOHHUSA METOA.

N3mepBaTe/IHOTO 060pyABaHe TpAGBa Aa 6bAe MHCTaIMPaHO B TOYKaTa Ha A40C-
TaBKa 3a Ja Ce BNMCBaT M3MEepPBaHMATA CbI/IACHO M3MCKBAHMATA Ha eIeKTPUYECKUTE
Apy:KecTBa.

BbB BMCOKO-BO/ITOBATA YacCT MMA JIMHWUSA Ha €IEKTPUYECKM NMPEKBCBAY U JIMHUA
Ha NpeKbCBaHe - KOMOUHMPaHa CbC 3EMHO BKJIOYBAHE - 3a M3KJIHOYBAHE Ha reHe-
paTopHaTa eauHMLA M OCHOBHMA TpaHCHOPMATOp OT JIMHMATA Ha TpaHCMMcKA. U3-
MepBaHeTo ce noctura nocpeactsoM P.T u C.T. A reHepaTopu, BK/IIOYEH € U TOKOB
NPeKbCBaY KaTo JOMbJIHUTE/IHA 3allMTa 3a reHepaTtopa. TpaHcdopmaTopa npeaoc-
TaBsA eHeprus 3a AeMHOCTTA Ha BpaTUMYKMTE, MPEKbCBALLMTE Kanu, CEpBOMOTOPA,
Mac/IeHMS KOMMPEeCop U Ap. B CTaHUMATA.

Moxe Ja ce o4akBa 0CO6EHA CJIONKHOCT B CTaHUMA C MHOrO MnojpasjefieHms,
KbAETO MBKABOCTTAa M MPOAb/IKMTENHOCTTA HA JEMHOCTTA Ca OT BAXKHOCT.

IV.7.6. ABmomamu4eH KOHMposn

Mankute xmapocxemMm OO6MKHOBEHO paboTAT 6e3 Hab/lAeHUe 4Ype3 cMcTeMa
3a aBTOMaTU4YEH KOHTPO/I. [TOHEeXe He BCUUYKM eNIeKTPOCTaHUMKM ca NOA06HM, MOYTH
HEBBH3MOXKHO € Ja Ce onpeesim CTENEHTa Ha aBToMaTM3aumsa, KoATo Ja 6bae BKALO-
YyeHa B gaJeHaTa CXema, HO MMa HAKOM M3MCKBaHMA 3a OOLLO MPUJIOKEHME:
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Cuctemata TpA6Ba Aa BKJIlOYBA HEOOXOAMMMTE pefnieTa U MEXaHM3MM 3a OT-
yuTaHe Ha Npo6aemMM B Xo4a Ha paboTaTa OT CEPUMO3EH XapaKTep M caej ToBa Ja
ce pAoBeje YacTTa OT UeHTpanata MM LUeNMAaT 3aBoj A0 6e30macHM YC/I0BMA Ha
dyHKumoHMnpaHe. CbOTBETHMUTE OMNepauMoOHHM JaHHM 3a 3aBoAa TpA6GBa Aa 6baaT
HabaBEeHM M Aa Ca HaJIM4YHM U Aa Cce BNMCBAT B 6a3a AaHHM 3a MO-KbCHM OLEHKM Ha
M3MbJIHEHMETO Ha 3aBoJa.

TpFI6Ba Ja ceé BbBeaAe UMHTEJ/IMTE€HTHAa CUMCTEMaA 3a KOHTPOJ1, KOATO Aa NO3BOJIN
NbJ/IHOTO CI)YHKUMOHMpaHe Ha 3aBOJa Npu npuaaraHe Ha BbHLIEH KOHTPO/I.

by 6110 BH3MOXKHO Aa MMa A0CTbN 40 CUCTEMaATA 3a KOHTPOJ1 OT OoTAa/IedeHo
MeCTonoJioxxeHne 1 ga ce npeHe6perHaT dBTOMATU4YHUTE peLleHNA.

Cuctemara TpA6Ba ga 6bae CNocobHa Aa KOMYHMKMpa C NOAOOHWM eAuHMUM,
HaJ0Jly M Harope no TeYEHUETOo, C Len Aa ce ONTUMMM3UPAT ONnepaLMOHHUTE npoue-

AYPM.

O4yakBaHeTO Ha nospean npeacrtaBsfaBa OKypaXaBaHE Ha CUMCTeMaTa 3a KOH-
TpoO. Mon3BanKM eKCnepTHa c1McTtemMa, nogxpaHeHa € OCHOBHM ornepauroHHN OaH-
HU, Bb3MOXHO € Ja Ce€ O4YaKBaT nospeau, npeamn 1e ga ce rnoABAT U Ja Ce€ B3emMart
KOPEKTUBHU MEPKH, 3a Ja HE Ce NoABABAT NnoBe4ve TaknBa rnoepeau.

CuctemaTa MoXe ga 6bae KoHpUrypuvpaHa no moaysu. lpemMuHaBaHeTo ot
aHa/I0roBM KbM AUTMTAZIHU MOZY/IM 3a U3MEPBAHE Ha HMBOTO Ha BoAaTa, MO3ULMO-
HMPAHETO Ha BPATMYKWUTE, bI/IMTE HAa OCTpMETaTa, MOMEHTHATa eHeprumHa npo-
M3BOAMTENHOCT, TEeMNepaTypuTe M Ap. Moayn Ha AUrMTaneH KbM aHaJIOrOB KOH-
BEPTOp 3a 3aABMKBAHE Ha XMAPABJIMYHUTE Knanu, Tab/IMYHU apxmBu U ap. Moayn
6posAY 3a M3MepBaHe Ha reHepupaHmtTe KWh nmMnyacm, oTMepBaHe Ha AbXAa, nyaca
Ha MOTOKa , M Ap. U ,,yMEH“ TenemMeTpuyeH MoAy/, NpeaoCTaBsL, BPb3Ka MEXAY
BbHLHUTE KOMYHMKaLMK, NOCPEACTBOM TeneOHHU JIMHMKU, pagmo Bpb3Ka U Apy-
M KOMYHMKAUMOHHM TEXHOMOMMM. TO3M NoAxoA4 Ha mMogy/siHaTta CcMCTeMa € gobpe
M3y4yeH A0 M3MCKBaHWA 3a BapualMu B LUMPOK Mallab, KOUTO ce cpelaT B BOAHO-
€HPr1MHMA KOHTPOA, M NMO3BOJIBA KAKTO Ha XapAyepa Taka M Ha codTyepa Ja ce
CTaHAapTu3upa. Moxe aa ce peasiM3vpa HamasisiBaHE Ha pasxoamuTe NMoCcpesCTBOM
NO/JI3BAaHETO Ha CTaHAApPTHa CMCTEMA U MOAYNEH codTyep, KOMTO NO3BOJIABAT Jiec-
HaTa MM NoaapbrKKa.

CucTeMMTE 32 aBTOMATMUYEH KOHTPOJ1 MOTaT 3HAYUTE/IHO Jja HAMANAT Pasxoam-
Te 3a NPOM3BO/ICTBO Ha EHEPrMA, Ype3 Hama/IfABaHe Ha NoAJAPbKKATA M HapacTBaHe
Ha HAJEXAHOCTTa, J0KATO HamnpaBAT AEMHOCTTa Ha TYpoWMHMTE Mo-eheKTUBHA U
NMPOM3BOACTBOTO Ha EHEpPrma No-rosI Mo OT Ha/IMYyHaTa Boja.

C OrpoMHOTO M 6bP30 pa3BUTME Ha NANTONUTE, TEXHMUTE LIEHU CEra Ca MHOro
HUCKM. MHOrO Npom3BOAMTENM LOCTABAT CUCTEMA 3a A06MBaHE Ha CTaHAApTU3Mpa-
HWM AaHHW. HoBo M eBTMHO nepudepHo o6opyaBaHe, JIECHO CBbp3aHO C MPEHOCH-
MMUTE KOMMIOTPU, TOBA Ca “NasuTenute”- nomaralim Ha NpocsieAsBaHETO U 3aMecCT-
BaHETO Ha KOHTPOJIHOTO 060py/ZBaHe B C/ly4al Ha NoBpeza, ca Ha/IM4YHM U NECHU
Jla Ce MHTEerpupaT Ha HUCKU UeHU. MoaobpeHnTe rpaddUyHM NPOrpamHM TEXHWMKM
noAnomaraT pasBMTMETO Ha JIeCEH 3a NoJi3BaHe codTyep C Nos3BaHETO Ha rpacdu-
yeH uHTepdelnc. bnarogapeHne Ha 6bP30TO pa3BUTME HA AMIUTANIHUTE TEXHONO-
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MU, passIMKUTE MeXAy XapAayepHute nnatdopmu, Kato Hanpumep PLCs, MMKpO
KOHTPOJIHU YCTPOMCTBA M npomuiuneHn PCs, 13ye3BaT 3a onepaTopa.

IV.7.7. JonbsiHUMeIHO eflekmpu4Yyecko o6opydsaHe

IV.7.7.1. TpaHcgpopmamop Ha obcayKeaHe Ha 3asoda

KoHCcyMauuAaTa Ha eNleKTpuyecTBO, BKJIOYBALLA OCBET/IEHUE U CTAaTMYHU Me-
XaHMYHM TMOMOLLHM YacTU MOXe Ja M3MCKBa OoT 1 A0 3 npoueHTa OT KanauuTeTa Ha
MHCTaNauMATa; BUCOKUAT MPOLEHT Ce Npuaara B MUKPO XMAPOCXEMM (C MNO-MaNKo OT
500 kW). O6cnyxBawWmAT TpaHCcopMaTop TpAGBa Aa 6bAe NpoeKTUpaH Taka, Ye Aa
B3eMe NnpeaBua Te3n UMMYJICHM TOBapu. AKO € Bb3MOXHO, TpsAbBa Aa ce u3nonassat
[ABa a/iTepHaTMBHM JOCTaBYMKa, C aBTOMATUYHO MpEBKJ/IOYBaHE, 3a Jja ce OCUrypu
06C/Ty}KBaHETO HA HEKOHTPO/IMpaHa MHCTaNauMA.

IV.7.7.2. DC KoHmMposiHO ycmpolicmeo 3a docmaska Ha eHpa2us

O6wWo npenopbyYUTEIHO €, MHCTaNauMUTe KOHTPOJIMPaHU OT pa3CcToAHME Aa ca
o6opy/iBaHK Cc aBapuiHO 24 V DC 3axpaHBaHe OT 6atepus, 3a Jja Ce Mo3BOJIM KOH-
TPOJ1 HaJ MHCTaNauMATa 3a 3aKpMBaHe C/ie/] aBapusa B €HEpruMHaTa Mpexa M Ko-
MYHMKaUMATa CbC CUCTEMATA MO BCAKO BpemMe. AMNep-4acoBUAT KanaumteT TpA6Ba
Aa 6bJe TaKbB, Ye npu 3aryba Ha 3axpaHBalLMA TOK, Aa 6bAe rapaHTUpaH NbeH
KOHTPOJ/1 J0KaTO € He0OX0AMMO, 3a Aa Ce NPUJIOKAT KOPEKTUBHU MEPKMU.

IV.7.7.3. PeaucmpupaHe Ha 20pHO U O0JIHO BOOHO meYyeHue

B eaHa xuapo- uHCTanauuaA, Tpabea Aa ce BNUCBAT KaKTO BXOAHAaTa, Taka M
n3xoaHaTa Boga. Hal-necHMAT HauMH e ga ce duKcMpa, 6e3onacHo no TeyeHue-
TO, Tabena, MapKMpaHa C METPMUTE U CAHTUMETPUTE C HMBEJIMPHA peMrKa, obaye
HAKOM TpA6Ba (pM3MYEeCKM Ja HabagaBa U U 3anNucBa M3MepBaHMATa. B enekTpo-
LeHTpanu obopysBaHM C aBTOMATUYEH KOHTPOJI, HaM-L0OPOTO peELUEHUE e Ja ce
M3Moa3BaT TPAHCACEPH, CBbP3aHM C KOMMIOTbpa Ype3 060pyaBaHETo 3a J06MBa-
He Ha MHpOopMaumA.

[Hec, n3mepBaTeNHUTE €AMHULM - CEH30PU - BMMCBAT U3MEPBAHUATA, KOUTO
BapupaT U ' NpeBpbLIAT B CUrHaN, KOMTO Ce NnpejaBa Ha NpoM3BOACTBEHATA eau-
Huua. U3MepBaTesiHMA CEeH30p TpAbBa BMHarM Aa 6bae MHCTaJMpaH B OOEKTa Ha
M3MepBaHe, KbAEeTO HMBOTO TPAOGBA Aa Ce M3MepU - 0OMKHOBEHO € 0GEKT Ha CypOBM
K/IMMaTUYHM YCNIOBMA U TPYAEH AOCTbM - JOKATO NPOM3BOACTBEHATA €AUHMLA OOUK-
HOBEHO € oTAe/ieHa M MO3ULMOHMPaHa B Aobpe 3almTeHa cpeaa, C IeCeH AoCTbN
3a OMepaLMoHHMN 1 0BCNYKBaLLM AEMHOCTY.

C'bLU,eCTByBa LUMPOKa ramMa oT CeH30pH, KaTO BCEKUN €JUNH OT TAX U3IMO0J13Ba pas-
JINYHU U3MepPBATEJIHN MPUHUUNNA. Tpﬂ6Ba Aa ceé 3Hae, Y€ TOoYKaTa Ha HMBOTO Ha
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M3MEpBaHETO TPAOBa Aa 6bJe BHMMATENHO M30paHa C Len aa ce npeAacTaBu LAanoTo
HMBO OT FOPHOTO A0 KpamMHOTO TeyeHue. CbraacHo npuHuMna Ha bepHyau, npo-
MsAHa B CKOPOCTTa Ha TEYEHUETO NPUYMHABA NMPOMAHA B AMHAMMYHOTO HaNAraHe u
NOCTENEHHO BbB BUAMMOTO BOAHO HMBO, MU3MEPEHO OT CEH30pa 3a HansAraHeTo. AKo
MACTOTO Ha U3MepBaHe Ce Hamupa B NPUAUBHU UIN OTJIMBHMU CHOPDBKEHUA, KbAETO
Morar Aa ce NoABAT BUCOKM CKOPOCTU B TEHYEHMETO, M3MEPBAHETO e Jaje MPeLUHM
pe3syntati. CeH3opa Ha HMBOTO Le npefaje CUrHas, Kato nos3sa XMApoCTaTUYHUA
meTtoz (dburypa 6.36 a) A NHEBMATUYHMA (6asoH4YeTa) MeToa (purypa 6.36 b). B
NbpBMA MeToA TPAOBa Ja ce 06bpHE BHMMaHME, Taka Ye BCMYKM TPpbOM 3a npeja-
BaHEe Ha HaNAraHeToO Ca M3MEPEHMU M NMOIOKEHM MO TaKbB HAYMH, Y€ Aa He 3aTpya-
HABaT, HUTO Za MO3BO/IABAT aKyMy/IMPaHETO Ha Bb3ayX B TAX. [pn BTOpMA MeToa,
CEH30pPHMAT OTBOP € Pa3MnoJ/IoXKEeH MO-HMCKO OT CbOTBETCTBALLOTO HMBO B HA4asiIoTo
Ha M3MEepPBaHETO, Taka Ye HUTO MOXKe Aa MPOHMKHE BoAa, HUTO Ja ce cbbepe B n-
HuuTe. B peweHneTo npeacTaBeHo Ha urypa 6.36 a), NnaBawMAT MaTepuan MoXKe
Jla noBpeau MHCTpyMeHTa. Ham-ao06poTo pelleHue e NpUKPUTOTO CriiobsBaHe Ha
BCUMYKM YACTM 3aeHO B CTEHATa, KaKTO € NnoKasaHo Ha durypa 6.36 b) u c).

a) b) ©)

o T
Al -
/

/

sensor
sumergible

sensor
sumergible

el

due. 6.36

IV.7.7.4. BvHWHa nodcmaHyus

Taka HapeyeHaTa cucTema ,,Boaa-ten” OOMKHOBEHO BKAKOYBA MOACTAHUMA.
JIMHMA npekbcBay TpsA6Ba Aa pa3Aena 3aBoja, BKJIYBAMKM CTbMANIOBUAEH TPaHC-
c¢opmaTop OT Mperkata B CJ/lydaM Ha NoBpeaMu B eNeKTpuyecKaTa LeHTpana. PTs
n CTs 3a kWh 1 kW M3mepBaHETO Ca OOMKHOBEHO MOHTMpaHM B MoACTaHUMATA, B
CBbp3BaljaTta TOHKa MeXAy BbHLUHMTE e1.NpoBOAHMUM 1 OTBEXAallaTa JIMHUA KbM
Mpexarta. B 30HM C BUCOKaA YYBCTBUTE/THOCT KbM BBbHLUHUTE YC/I0BUA, NOACTAHLMATA
€ 3aTBOPEHa B e/IeKTpoLeHTpasiaTa, 1 npeaaBaTeIHMTe Kabenu A oTBeX4aT KbM Ha-
NopHUA BogonpoBo. CBET/IMHHUTE CNMPaYHU MEXaHU3MM 3a 3allmTa Cpelly TeyoBe
WU CBETKaBMUM, KOMTO CBATKAT B G/M3KaTa MpeXa, 0OOMKHOBEHO Ce€ MOHTMpaT B
crpajaTa Ha noAcTtaHumATa.
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Nnasa Vv
BJ'II/IFIHI/Ie Ha OKOJIHaTa CpeJa BbpPXYy CTpOMTeJ'ICTBOTO Ha
xmp,poeneKTqueCKM LEeHTPpa N

V.1. Pa36upaHe

“TpeTtata KOHdepeHUMA Ha CTpaHUTe, YJEeHKM Ha pamKoBaTa KOHBEHUMA 3a
KAMMaTHU4HM npoMeHn Ha OOH” e 6una npoBegeHa B Knoto npes Jekemspu 1997
r. ToBa e 6mMna BTOpaTa MHMUMATMBA C/lel UCTOpMYECKaTa KoHdepeHuusa B Pr1o 3a
OkonHa cpepa 1 pa3suTUe, nposena ce npes HU 1992 r. [axe no-paHo, EC Beve
€ MpuM3HaA CrewHarta Hy)aa Aa 3acerHat npo6siemMuTte C rnobanHoTo 3aTonAsHe.
“bennaTt aoknag 3a Ctpaterma Ha O6uwHocTTa M lMnaH 3a AeMCTBUE, O3ar/aBeH:
“EHeprus 3a 6bJelleTo: Bb30OHOBAEMM E€HEePrumiHM M3TOYHMLUM” e pa3paboTeHa
BNOCNeACTBUE, C KOATO Ce NpaBu Kpadka Hanpea.

Hal-Hakpas, “AupektmnBa/77/EC Ha EBponenckma MapnaMeHT n Ha CbBeTa Ha
EC ot 27 centemBpun 2001 r. 3a npoMouMpaHe Ha nasapa Ha eIeKTp14ecTBo, MNpo-
M3BEAEHO OT Bb30OGHOBSEMWU E€HEPIrMMHU M3TOYHMLM” onpeaensa ACHWM OBLYHOCTHM
uenu. be nspaseHa rnobanHata UHAMKaTUBHA Len oT 12% BE oT 6pyTHOTO BbTpELUHO
notpebaeHne Ha eHeprua Ao 2010 r. 3a NOCTMraHeTo Ha Tasn amMbMuUMO3Ha Uen, 3a
BCMYKM CTPaHM YaeHKM Ha EC e 610 Hy>KHO Aa nocoyaTt HauMOHa/IHUTE CU MHAMKA-
TUBHM LieI1 32 NOTPebIeHMETO Ha eHeprus, npousseseHa oT Bb306GHOBAEMU eHep-
MUHU M3TOYHULM.

CTpaTerMyeckMaT aHanu3 3a pasBMTMETO Ha MaslkM XuapoueHTpaau B EBpo-
nemckma Coio3: “CuHA enoxa 3a 3enieHa EBpona” 6e 3aBbpuieH npes 2002 r. v gaBa
MHOro MHTEpeceH npernaej Ha noteHumana Ha MXL,, ype3s pasznnynu noaxoau. Ctpa-
HuTe oT EC perncTpupar, noa MKOHOMMYECKU NPEYKM U TaKMBA Ha OKOJIHaTa cpeja
nokaysaHe Ha KanauuteTta oT 1111 MW upe3 HaAarpakjgaHe Ha CbliecTByBawmTe
3aBoaM (roauiuHa npoaykumsa ot 4518 GWh) 1 HapacTBaHe KanauyuTteTa oT 4828 MW
ypes peasiM3npaHeTo Ha HOBU XUAPONENEKTPUYECKHM LeHTpasn (FroAMLLHA NPOM3BO-
AUTeNnHoCT oT 19645 GWh).

TexXHUYEeCKMAT NoTeHUMaN CaMoO C TEXHUYECKMTE OrpaHUYEHUA MOXKe aa 6bae
npeacTaB/iABaHO OT ropecrnoMeHaTuTe umdpu: 2080 MW (8100 GWh/rog.) upes Haa-
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rparkaaHe Ha cbluecTByBawmTe 3aBoau U 9615 (38058 GWh/y) ot HOBM LeHTpau,
TEOpPEeTMYHO MOXKEe Aa ce nocturHe. JoctvraHeTo Ha “TeopetmyHarta” uen (46158
GWh/y) wie Hanoxu rogmiuHo HamasneHue ¢ 20 mmuamoHa ToHa emucun CO,, ocHoBa-
BalKM Ce Ha pa3yMHa CTOMHOCT (3aBOAM, KOMTO ropaT rasose) ot 0.43 kg CO,/kWh.

O6aue, cnopej cerawH1MTe TEHAEHUMM ropHaTa Len He Moxe Aa 6bje Joc-
TUrHaTa, AOKaTO aJIMMHMCTPATUBHUTE NpOLIeAYpPU, KOUTO OTOPU3MPAT MOJI3BAHETO
Ha BojaTta He ce yckopAT. CTOTUUM, aKO HE M XMASAU MCKaHUSA 3a OTopMu3aumMa Ya-
KaT 0f06peHMe, 3aKbCHEHMETO € MPUYMHEHO NPEAMMHO OT KOHGMJIMKTA C OKOJI-
HaTa cpeja. HAKou areHuMM 3a OKO/MIHA Cpejla M3rfiexJa onpasJaBaT MM MOHE
NpeACTaBAT KaTo M3BMHEHME - TOBA 6/10KMpaHe, 6a3MpaHO Ha HUCKMSA KanauuTeT Ha
MaJIKUTE LEeHTpaau. U3rnexaa e 3abpaBeHo, Ye no JedUuHMumMsA, Bb3o6HOBAEMUTE
€Heprmm ca AeLUeHTpaIM3upaHM 1, Ye NOHACTOALLEM CAMO MAJIKUTE BOAHM LIEHTpPa-
JIM U BATbPHUTE TYPOUHM MOraT ChLLECTBEHO Aa AONPMHECAT 3a NPOM3BOACTBOTO Ha
Bb306HOBSEMA €/1IEKTPOEHEPIUS.

B cbwoTo BpeMe, A0KaTo ce MNpueMe, Ye NMPOM3BOACTBOTO Ha €/1eKTPUYeCT-
BO B MaJIKUTE LieHTpaam He npoussexaa CO, MM TeYHU 3aMbpcuTesin, BakT e ye
nopaan TAXHOTO MECTOMOJIONKEHME B YYBCTBUTE/IHUTE 30HU, MECTHUTE BMAHMSA HE
BMHAru ca 3a npeHe6persaHe. 3HAYUTE/IHUTE 106a/IHU NPeaMMCTBA Ha MasKUTe
XMAPOLEHTPa/IM He TpsibBa Aa npevaT Ha MAEeHTMdUUMPAHETO Ha TOBapu U Bb3-
AENCTBMSA HA MECTHO HMBO M B3EMAHETO Ha HEO6XOAMMMTE MEPKM 3a OTCTpaHsBa-
HeTo MM. [osleMuTe TOMJIOLEHTPANM, MOpPaaM MKOHOMMYECKATa UM PeNeBaHTHOCT
M Mallab, ca OTOpPM3MPaHM Ha BUCOKM aJMMHMCTPATMBHU HMBA M B HAKOM Cay4au,
TEXHUTE B/IMSHUA HE MoraT Ja Ce CMeK4YaT B HacToAWMA MOMEHT. EgHa masika BoA-
HOEJIEKTPMYECKA CXemMa Npom3BeXKAa BAUAHMA, KOMTO OGMKHOBEHO MoraT Ja Ce Ha-
MansT, CYMTaHa Ha HUCKU aAMUHMUCTPATMBHU HMBA, KbAETO BIMSHUMETO HA rpynuTe
Ha HATUCK - pUBOJIOBHM acoLMaLMM, EKO03U U Ap.- € NO-TO/AM.

He e TpyaHo fa ce uaeHTMdMUMpaT Bb3AEMCTBUATA, HO HE € 1 JIECHO Jia ce on-
pedenu KoM MEPKM 3a CMEKYaBaHe Ha edpeKTa Aa ce npeanpuemar, NoHeXe O06MK-
HOBEHO TOBa C€ AMKTYBa OT CYOEKTUBHM apryMeHTU. 3aToBa € CU/IHO MPENOPbYU-
TENHO Aa Ce YCTaHOBM MOCTOAHEH AMANor C Te3W, KOMTO pa3paboTBaT MPOEKTH,
WaaAawWu oKkosiHaTa cpea, M 61 6MN0 YMECTHO Aa Ce NpeAoCTaBAT HAKOIKO HAaCOKM,
KOMTO LLE MOMOrHaT Ha NMPOEKTaHTa Ja NpeasoXu MEPKMU 3a CMEKYaBaHE, KOMTO
JIeCHO Aa 6bAaT 0406pEHM OT JIMLEH3UPALLMTE OpraHu.

Hanocneabk, usnbiHeHMeTo Ha PaMKoBaTa AMPEKTMBA 3a BoJaTa Lie BbBeje
CTPOru AOMbJHUTEJIHU U3UCKBAHMA B €KOJIOMMYHO OTHOLEHME. MIMa M3BECTHO CbM-
HEeHWe, Ye U3NbJHEHNETO Ha EKOIOMMYHMUTE LieIN, KaTo HarnpUMep CTPOMUTENICTBOTO
Ha pU60NOBHM 6aM-Nac CUCTEMM MM HaMaABaHE Ha KM3HEeCNnocobHocTTa Ha TEL-
oeTe. [loCTMraHeTo Ha LeIMTe Ha OKoJIHaTa cpeja He 3aBUCAT OT MAeO0JIormyecKa-
Ta CbNPOTMBA Ha TO3M, KOMTO CTPOM 06EKTa, @ OT MKOHOMMYECKUTE OrpaHUYEHMA.
BcbwHocT, “npobneMbT Ha OKosHaTa cpeja” MMa MKOHOMUMYECKU KOPEHMU.
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V.2. Bb3gencTBUe No Bpeme Ha cTpouTesiHaTa dasa

Cxemun oT TUNa OTKJIOHEHME, MHOI'ObeHKLIMOHaJ'IHM BOJOXpaHMW/IMLLa, BbBEEHN
B HanoutesieH KaHa/l UJIn NOCTPOEHN B HaNOMTEJIHA CUCTEMaA MNMPOM3BEKJAT MHOIO
pa3zIndHN BJIMAHUA €Ha OT ApYyra, KaKTo OT KOJIM4eCTBE€Ha, TaKa U OT Ka4eCTBEHa
rnegHa Touyku. Cxema, nossealla MHOI'ObeHKLIMOHaJ'IHM A30BMPU NPaKTUHECKUN HAMa
He6}'lal'0ﬂpl4$|THl4 BJIMAHNA, TbM KaTo ce pa36l4pa, 4ye KOoraTto A30BUPDBT € U3rpaaeH,
BeYye ca 61 B3EeTH MEPKUTE 3a CMEKYaBaHE Ha Te3U BJIMAHUA. ,£|,a>Ke 1 pa3nojo-
XEeHUETO Ha UeHTpasaTa Wwe ce 6'b,D,e BbpXYy OCHOBaTa U HAMa Aa NpOMeHA €KO0J10-
rMMYyHaTa CMCTEMa.

Cxemu, MHTErp1paH1 B HaNOUTENEH KaHan UM B HanomTe/IHa CMCTEMA HAMaA Ja
BbBEXAAT HOBM B/IMSHMA BbPXY TE€3M, KOUTO BEYE Ca reHepUpaHM Npu U3rpaxkaaHeTo
Ha KaHasa WM HanoutesnHata cuctemMa. OT Apyra CTpaHa, CXeMMTE C OTK/IOHEHMA
npeacTaB/iABaT MHOr0 OCOGEHM acNeKTU, KOUTO TpAOBa Aa 6bAaT aHaM3UPaHM.

V.2.1. BodoxpaHunuwa

BAvsAHUMATA nonyyeHu nNpu CTPOUTENCTBOTO Ha A30BUP M Cb3AaBaHETO Ha MpU-
NieXally BOAOXPaHM/IMLLA BKJIHOYBAT, KaTo JOMbJ/IHEHME KbM 3arybata Ha OCHOBA,
CTPOUTE/ICTBO M OTBapSIHE Ha CTPOMTE/IHU MbTULLA, CTPOUTEIHM NNATHOPMM, MU3-
KOMHM paboTH, paboTa C B3pMBOBE M JaxKe -B 3aBUCMMOCT OT roJieMMHaTa Ha f30-
BMpa- LIeXOBe 3a MPOM3BOACTBO Ha GETOH. /lpyrv He MpeHebpeXKMMM acnekTh ca
6aprepHusa edheKT U NpoMsAHATa Ha NOTOKA, B 3aBMCUMMOCT OT PeYHOTO peryampaHe,
KOMTO He ca CblecTByBa/M Nnpeau. TpsabBa Aa ce nogyeprae, Ye BoJAoXpaHMUIMLLATa
BCBLHOCT HE Ca TMMWUYHM 3a Ma/IKM BOAHOENEKTPUYECKU CXEMM. BONUMHCTBOTO OT
TEL npuHaanekat KbM BMUa TeYEHME Ha peKa, 6e3 0C06eHO MaLllabHU CBbP3aHM C
M3rpaXKAaHeTo Ha A30BUPM CTPOUTENIHM PaboTy.

O6aye, BIMSAHUATA NOPOAEHU OT CTPOMTE/ICTBOTO Ha A30BMP HE Ce pas/inyaBat
OT Te3u, NPeau3BMKaHM OT LUIMPOKO-MALLA6HU MHMDPACTPYKTYPHU NPOEKTU, YMMUTO
eeKTU U MEPKM 3a Hama/IiBaHE Ha BMAHMETO Ca A06Pe M3BECTHM.

V.2.2. BoOHU omsopu, omsopeHU KaHa/Ju, HanopHu 8o0donposodu,
omsexxoawu yieu

BAnaHMATA NOyYEHU NPU CTPOMTE/ICTBOTO HAa TE3M CHOPbKEHMA ca Jo6pe no-
3HATU M onMcaHu B Tabamua 1, T.e. LIYMOBE, 3acAralliM KMBOTA Ha XMBOTHUTE,
OMacHoCT OT epo3us, Nopaam 3aryba Ha pacTMTE/IHOCT Mo BpeMe Ha M3KOMHMTE pa-
60TM, MBTHOCT Ha BOJATa M OT/IaraHe Ha CeAMMEHTM B [0/IHOTO TeYeHue, U Ap.
3a /]a Ce HaMas/IAT Te3U BAIMAHMA, CTPMKTHO Ce NpenopbyBa, M3KOMHMTE paboTh Ja
6bJaT M3BBbPLUBAHMU B CE30HA HA HUCKMU BOAM M 3acerHara noYyseHa oCHoBa a 6bje
Bb3MOXHO HaM-6bp30 Bb3CTaHOBEHA. BbB BCEKM C/lyyal Te€3M BMAHUA Ca BUHArM
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NPexo/iH1 1 He NpeACTaBaABaT CePMO3HA OMacHOCT 3a aJMUHMCTPATUBHM OTOPU3a-
LIMOHHM NpoLeaypu.

C ornepa Ha 3aliMTHaTa ponAa cpewy pedyHata €po3nAa, NoJie3HO € Ja Ce€ Bb3CTa-
HOBU U Ja CE€ 3aCHU/IM PaCTUTEJIHOCTTA Ha pevyHMA 6pF|I', KOSITO MOXe Aa 6bae 3a-
cérHata no BpemMe Ha CTpPOUTEJICTBOTO Ha XMAPaB/IMHYHOTO CbOPbHKEHUE. TpFI6Ba Aa
ce oTbenexu, ye emara TpFI6Ba Aa 6bae 3acageHa C NpUCHLLM 3a 30HAaTa MECTHHU
BHMA0oBE, KOUTO J1IECHO Ce€ aAanTUpaT KbM MECTHUTE YC/10BUA.

Mpoy4YBaHETO 3a OLIEHKA Ha Bb3AEMCTBUETO TpsAbBa Aa B3eMe npeasma edek-
TUTE OT pa3npbCKBAHE Ha M3KOMEH MaTepUan B TEYEHMETO U HEGTAronNpUSATHUTE Mo-
CNeACTBUS OT CTPOUTENIHUTE PabOTHULM, KMBEELLM B HE3ace/iIeHaTa 30Ha Mo Bpeme
Ha cTpouTesiHaTa ¢asa. ToBa BMAHME, KOETO MOXKE [la € HeraTMBHO, ako CXemara
€ PasnoJioKeHa B HAUMOHAIEH MApK, MOXe Aa 6be MOI0KUTE/NIHO B He-YyBCTBMU-
Te/IHa 30Ha, KaTo MoKa4yBa HMBOTO Ha CBOATA AaKTMBHOCT. EMMcuMTE, M3M3alm oT
KOJIMTe, npaxa npu M3KOMHUTE paboTh, BUCOKOTO HMBO HA LUYM U APYrU HE3HAYM-
TeJIHU TOBapM JOMNPMHACAT 3a paspylUaBaHETO Ha OKOJIHaTa cpeja, Korato cxemara
€ pasno/io¥KeHa B YyBCTBUTE/IHU 30HWU. 3a CMEKYABAHE Ha FOpHUTE BIMAHMA, PbKO-
BOZICTBOTO Ha TpaduKa TpsibBa MHOrO BHMMATE/IHO Ja 6bJe NJlaHyBaHoO, 3a Ja ce
€/IMMMHUPAT HEHYKHMUTE ABUXKEHUSA M A CE OrPaHMyMU A0 MUHMMYM TpadUKbT.

OT nonoXxutesiHaTa cTpaHa, TpA6Ba [ja ce 0T6ENIEXKM, Ye HapacTBAHETO HUBOTO
Ha aKTMBHOCT B 30HaTa, NOJI3BalKM MECTeHa paboTHa Cu/ia Mo BPEME Ha CTPOMTEN-
HaTa ¢asa ce NpMBETCTBA MHOro Jobpe KaTo maes.

V.3. Bauvanua, nponsnmsawm oT CTPOMTENICTBOTO

V.3.1. 38yKoBuU B/IUAHUA

ZlonyCTMMOTO HMBO Ha LWYM 3aBMCU OT MECTHOTO HaceneHue MU OT U30/sIMpa-
HUTE KblUM B 6/IM30CT A0 enekTpoueHTpaamrte. LLymMbT nasa npeamMMHO OT Typou-
HUTE M KOoraTo Te ce MoJs3BaT, CKOpOCTTa HapacTtea. JHec, WyMbT npousamsaly, ot
e/IeKTpoLeHTpanuTe MoxKe aa 6bae HaManeH, ako € Heo6XxoAMMO, A0 HMBaA B NOpS-
Abka Ha 70 dBA, noYT He0NI0BMMM Ha OTKPUTO.

OTHOCHO 3BYKOBMTE BAMAHKA, 3aBoAbT Fiskebypower B HopxbonuHr, LUBeuus
e npvmep, KOMTo Tps6Ba Aa ce cneaBa. COGCTBEHMKBT Ha 3aBOJA € MCKal MakK-
CMMaJIHO BbTpEeLHO HMBO Ha 3ByKa oT 80 dBA , BbTpe B eneKTpoueHTpanata npu
Mb/JHO (PYHKUMOHMPAHE. MaKCMMaNHOTO AONYCTUMO HMBO Ha BDBHLUEH LIYM, Mpes
HowTa, € 610 onpeaeneHo Aa 6bae 40 dBA B OGKPBHKEHMETO HAa HAKONKO KbLLUM,
pa3nosioXKeHu Ha oKosio 100 M pascTosHue.

3a ga ce AOCTUrHaT Te3M HMBA Ha LIyM, 6€ pelleHo, Ye BCUUYKM KOMMOHEHTH -
TYp6UHM, YCKOPUTEIU HA 3BYK, M aCUHXPOHHU reHepaTopu -TpA6Ba 6baaT AoCTaBe-
HM B MaKeT OT e[lMH M Cbll AOCTaBYMK . [oroBopbT 3a NpoJark6a onpeaens HUBOTO
Ha LIYM, KOETO MOXe Ja 6bJe AOCTMIHATO B MbJIHMA KanauuTe Ha paboTa, ocTaBsAM-
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KM HEOOXOAMMM MEPKM [a 3a[0BOJIAT MCKaHUATA Ha npom3BoamTens. [JoCTaBuUMKbT
npuMema CieJHUTE MEPKU: MHOIO MaJIK1 Pas/IMKM B NPOM3BOACTBOTO HA MEXAHM3MM;
3BYKOM30/MpaLLM odeana, KOMTO Aa NMOKPMBAT TYPOUHWUTE; reHepaTopyu 3a OXJIax-
[laHe Ha BoJaTa BMeCTO OxJlaX[aHe Ha Bb3Jyxa M CTapaTesiHO MPOEeKTUpaHe Ha
AOMB/IHUTENHUTE KOMMOHEHTU. KaKTo 1 obMyanHaTa TepMom3osiaums, crpajata e
CHabZeHa CblUo Taka M C aKyCTMYHa n3onaumsa. CnegoBatenHo, JOCTUIHATOTO HMBO
Ha WyM Bapupa mexay 66 dBA n 74 dBA, c okono 20 dBA no-HUCKO OT cpeAHOTO 3a
LWBEACKMUTE eNIeKTpPoLEeHTpanu. AKO AOCTaBYMKDBT € e4MH, BBMPOCHT 3a OTroBOp-
HOCTTa OTnaja.

HamMansasaHe Ha HMBOTO Ha BbHLUHMA LWYM € J0OGUTO Ype3 U30/IMpaHe Ha BUOpa-
LUMUTE Ha CTEHMTE U MOKPUBA Ha enekTpoueHTpanarta. lMpmMHUMNBT Ha cucTemara 3a
HamMasnsiBaHe Ha BMOpauMMTe e OCTaBeH Ha OCHOBAaTa Ha nJjioyata, 6eTOHOBMTE BOAHM
KaHa/IM U KOJIOHUTE 3a Bb3AYLWHMA KpaH ce Bb30yXKAaT OT TYPOMHHUTE eAUHUUM.
Apyrute yacTu Ha crpazara, KaTto nogabprKawmTe noKkpmsa 6€TOHOBU rpean 1 npea-
BapUTEJIHO M3/IeTUTE BETOHOBU €/IEMEHTU B CTEHUTE Ce NoaabpKaT OT CheumaiHu
F'YMEHU eNleMEHTU, NPOEKTUPAHU C MPYKMHM, 32 MAKCMMAJIHO HaMaJIeHMe Ha LyMa.
3a NOKpUBHUTE rpeamn ca u3bpaHu crneupasHo CbCTaBeEHN larepHM MEXaHU3MM C Npy-
*uHu (TrelleborgNovimbra SA W300). NogobHo peleHne e u3bpaHo 3a npeasBapu-
TE€NIHO U3NeTUTEe GETOHOBM eNeMeHTH 3a cTeHuTe. CneJ Kato e MoCTPOeH BeAHDbXK,
MPOM3/IM3aHETO HA 3BYK OT eJIeKTpoLEeHTpasiaTa He MOXe Aa 6bje 3aceyeHo Karto
TpadmK, 3ByK OT BoAaTa B TEYEHMETO, U AP. B HAM-OJM3KUTE KMUIULLHM CrpaaMm.

Moa3zeMHaTta enekTpoueHTpasa B KaBaTaumo4, pasnosioxkeHa Ha okoso 200 m
oT Mnaua Maarkope, UCTOpUYECKMA LUEeHTbp Ha bosoHA, Cblo MMa 3acayru B ToBa
OTHOLWeEeHWe. HanpaBeHOTO M3c/iegBaHe Ha aKyCTMYHMA eeKT OT CTpaHa Ha UTa/Iu-
aHCKUTE CXeMM NoKasBa CpeAHO BbTPELIHO HMBO OT 0K0J10 85 dBA. HMBOTO Ha wyma
B 6/IM30CT A0 KblUMTe, HAMMUpaLUyM Cce A0 eNleKTpoueHTpanata e 6uno 69 dBA npes
AeHsa 1 50 dBA npe3 HouwiTa. 3aKoHOAATENCTBOTO B CM/1a M3UCKBA TE3M CTOMHOCTM
Aa He HaasuwasaT 5 dBA npe3 aeHsa u 3 dBA npe3s HowTa. [peanpreTmte MepKu 3a
M3MbJIHEHME Ha Te3M U3MCKBaHMA ca NoA006HM 40 Te3u npeanpuvetn B GUckeobio:

» M30naumMa Ha MaALMHHOTO OTAeneHue, Hal‘;i-LIJyMHaTa 3aJla, OT CbCeagHUTE
3aJiM nocpeacTtsom ABOI‘;iHM CT€HM C pa3/InyHN roJIEMNHU, CBC CJIOM CTbKNEe-
Ha BaTa MeXAay TAX.

» 3BYKOM30/IMpaLLM CTEHMU.

» MnaBawy/noaBUXKHM NOAOBE BbPXY KUJIMMK OT CTbKJIEHa BaTa ¢ 15 MM ae-
6envHa.

» OKayeHu TaBaHM C 3arnywmnTeIHN XapaKTePUCTUKHU

» TEXKM Kanaum Ha noja, o60pyABaHU C 3BYKOM30/IMPALLM Kanalm C YMNOBE M
HEONpPEHOBM YNIbTHUTE/IM HA TaBaHUTE

» BUOpPALMOHHM OBNAXHUTENHU DYrK MeXAYy NEPKUTE U BEHTMIALMOHHUTE
LaxTn

» TpbOM C HUCKA CKOPOCT Ha BATbpa (4 M/CeK)
» /[lBa 3arsywmresia Ha Bbpxa M OTCTPaHW Ha BEHTMIALMOHHATa MHCTaNaumA
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» BbTpelwHa 1 BbHLHM AMMOOTBOAHM TPOM 060pYyABaHM CbC 3BYKOBU (PUNTPU

» Bb3AyLIHM NPOBOAU U3rPAAEHM Ha TMMA CaHABUY (BETOH, CTHKJIO, CTbK/IEHA
BaTa, nepdoprpaHu TyXJIM U TUNC)

» AMHAMMYHO 6aNaHCMPaHK BbPTALLM C€ TYPOUHHU KOMMOHEHTU
» OxnarKaally BoJaTa CMHXPOHHM FreHepaTopy 6e3 YeTumLm
» MexaHU3MM NPOU3BEAEHU C NPELM3IHOCT 32 YCKOPUTEIM HAa CKOPOCTTa

» CMIHO NOACUNEHN TYPOMHHU 0OBMBKM M OOBMBKM Ha YCKOPUTENUTE HA CKO-
pOCTTa 3a Aa Ce NpeAoTBpaTAT pe30HaHca U BUbpauuuTe.

» AHKepupaHe Ha TYp6UHMTE CbC CneumaneH NpoTMBOCBMBaEM GETOH 3a J1a ce
OCUIYPAT MOHOJIMTHUTE YC/I0BMSA MEXAY XMAPOeAMHUUMTE U 6I0KYETO Ha
OCHOBUTE

» CTabMIHOCT Ha TypbuMHaTa C roleMm KoamdyecTBa 6eToH 3a Hama/IfiBaHe Ha
BUMOPALMOHHMTE aMIIMTYAM.

MoagBogHaTa BeHTMNAUMA MMA TPU OCHOBHM LENM: OTHEMAHE Ha BAharaTa oT
NPOCTpPaHCTBaTa, 3a a Ce€ OCUTYPU KOPEKTHOTO (PYHKUMOHMPAHE M NOAAPDBIKKA Ha
0o60opyaBaHeTO, AOCTaBAHETO Ha CBEX Bb34yX 3a pabOTHMUMTE U NpPeMaxBaHe Ha
TON/IMHAaTa, reHepuvpaHa OT pa3/IMYHMTE KOMMOHEHTU. Jaxe M npu MakKCMMasiHa
CTOMHOCT Ha UMpPKY/MaUMATA Ha Bb3ayxa, M3unciaeHa Ha 7000 mM3/4, cKopocTTa Ha
Bb34yxa B TpbOMTE HMKOra He HaJaBumLwaBa 4 M/ CekK.

BFIpHO €, Ye ropHm1Te aBa npmmepa ca 4aCtHu CJiydam, HO T€ Ca BKJIOYEHMU TYK,
3a Ja NnokKarkaTt, 4€& BCMYKO € BBb3IMOXKHO, aKO Ceé CYeTe 3a HeO6XO,£I,I/IMO, HEé3aBU-
CMMO, Y€ MPOEKTDBbT MOXe Ja U3IMCKBa 3HAYMTEJIHO NOBULLEHNE Ha UHBECTMLUMATA.
Cblo Taka € UCTUHA, Ye ABaTa npuMepa 3acAarat cxemm ¢ MaJ1bK Harnop, HaJiarawm
NoJ1I3BaHETO HAa YCKOPHUTEJIM Ha CKOPOCTTa; BMCOKOMNJIAHNHCKUTE CXEMU C OTKJIOHE-
HMS 6MXa NO3BOJIUIU ANPEKTHOTO CBbP3BaHE Ha Typ6l/IHaTa M redepartopa, Kato rno
TO3M Ha4YnNH ce eJIMMNHNPa KOMIMOHEHTa, BUHOBEH 3a NoBe4eTo OT BM6paLl,l/Il/ITe.

V.3.2. Bb3delicmsue 8bpxy siaHOwagma

KauyecTBOTO Ha BM3yas/IHUTE acCNeKTU € BaXKHO 3a 06LIEeCTBOTO, YMATO Hapa-
CTBalLa HEOXOTA Aja NpMEME CyYBalLMTE ce NpobJieMM B TAXHATA 3pMTE/IHA OKOJHA
cpefa. Hanpumep, HOBUTE CbBMECTHM YrpaB/ieHMA B HalMA KBapTaa C NOCTPOEH
M3KYCTBEH MNaX C NACHK, U3B/IMYAH OT NOJ MOPCKOTO KOPMUTO CE OTXBbPJIA OT YacT
OT Hace/sIeHNETO, BbNPEKM Ye B MHOIO C/ly4am TOBa MOXKe Aa Nnoaobpu 06KpbrKaBa-
liaTa cpeja, BKAYMTENHO M naHawadTa. MpobaeMbT € 0cobeHO HaboAN NpU BU-
COKOMJ/IAHMHCKUTE XMAPOCXEMM MJIM B CXEMM PA3MOJIOKEHM B rpajcKaTta YacT. Tosu
BBNPOC YECTO Ce U3ABABa Noj hopmMaTa Ha rpark4aHCKM AUCKYCHMU U AarKe 3aKOHOBM
npeaM3BUKATENICTBA KbM TE3U KOMTO, YpE3 U3rparkAaHETO Ha TaKMBA CXEMM TbPCAT
Aa NPOMEHAT 06MYaHMA NaHAWadT NOCTPOABAMKU TU.

Bceku emrH KOMMOHEHT, KOMTO CbCTaB/sBA XMAPOCXEMATA - €IEKTPOLIEHTPa-
Nla, GEHT, NPeJIMBHMK, HaropeH BOAONPOBO/, BXOAEH KaHa/l, OTBEXK ALl yeN, Noa-
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CTaHUMA M TPAHCMMCUMOHHM JIMHUM - MMA NOTEHUMAN Aa Cb3AaJe NPOMSHa BbB BU-
3ya/IHOTO Bb3AENCTBUE BbpXY 06€KTa, KaTo BbBEJE KOHTPACTHU (hOPMM, JIMHUM,
LLBETOBE M/IM CTPYKTYPU. [AM3aMHBT, MECTOMOJIOKEHUETO, U BBHLUHMSA BM/, Ha BCSAKA
e/lHa OT Te3M XapaKTEPHU YEPTM MOXKe A06pe Aa onpeae/u HUBOTO Ha NpUeMaHe oT
CTpaHa Ha 06LeCcTBOTO 3a LfaaTa CXema.

MoBeYeTo OT KOMMNOHEHTUTE, AaxKe U No-06eMUCTUTE, MOraT Ja Ce OTAe/NIEHU
OT norneaa, NocpeACcTBOM MOM3BAHETO Ha NaHAawadTa Mau pactmtenHoct. Kato ce
60s4McaT B HEKOHTPACTHU LIBETOBE MJIM TEKCTYPM, 3a [la Ce MoJiyyaT He-oTpasuTes-
HM NMOBBPXHOCTH, AAZEH KOMMOHEHT Lie C€ CMECHM MM AOMbJHM OT XapaKTepHMs
naHawacdT. FpaaMBHM yCUAMA, OBUKHOBEHO C MaslbK edeKT BbpXy LEeNa GoaxKeT,
MoraT Aa AaJaT pesynTaT B NPOEKT, NPMEMIMB 32 BCUYKM 3aCerHaTu CTpaHu: Mec-
TUTE 0BLLHOCTM, HALMOHA/IHU U PErMOHAJIHU areHumMs, eK0JI031 U ap.

MpenuBHUKBT 0BMKHOBEHO € OCHOBHaTa MpUYMHA 3a ,,NMpuUTecHeHnsa“. Pa3no-
NOXXEHUETO My TpsbBa Aa 6bae BHMMATE/IHO MPOYYEHO, M3MOA3BAMKU NPUPOAHMUTE
AAJEHOCTM - CKa/M, OCHOBA, PACTMTENIHOCT - Aa ro MPUKPME M aKo HsMa Apy-
ro peleHue, aa ce 60s4Mca, 3a Ja MMHMMAZM3Mpa KOHTpAcTa C OCHoBaTa. AKO
NPE/IMBHUKDBT 6bAE 3apOBEH, TOBAa OB6MKHOBEHO € HaM-406pOTO pelleHMe, MaKap
M onepaTopbT Ja ce C6/bCKa C M3BECTHU HEyA06CTBa 3a MOAAPBIKKA M KOHTPOJI.
TemnepaTypHuTe ¢yrn U 6€TOHOBMTE aHKEPHM G/I0KYETa MoraT Aa ce paspeaaTt
WM eIMMUHMPAT; 3EMATA Le Ce BbPHE B MbPBOHAYa/IHOTO M CbCTOSIHUE U TpbbaTa
HAMa Aa npeAcTaB/isBa 6apuvepa 3a NpeMMHaBaHe KbM AMBaTa NpuMpoaa.
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MnaBa Vi
MKOHOMMYECKHM aHa/IM3

UHBecTUUMATA B egHa MaJiKa Xnapocxema Hanara ciej cebe cu ronsam 6pof/'1
pa3xogn no BpemMe Ha MU3NbJIHEHHUETO Ha MNMPOEeKTa U BOAM OO MnpuxoauM, KOUTO Ce
pa3npeaenAar cnej n3BeCcteH nepuno OoT BpeEMe. Pa3xoauTte BKAoYBaT CI)MKCMpaH
KOMIOHEHT - KalnTtaJZ10BHN pa3xoan, 3aCTpaxoBKa, AaHbLUM, pa3/IM4HN OT AaHDK ne-
Yanba u AP. - U Bapupall KOMIMOHEHT -onepaunoHHN U pa3xoaM 3a nojgjpbiKKa. B
KpaA Ha MNMpoeKTa, KaTto uAa0 orpaHnM4eH ot OTopnusaumMoHHMA NeEpUo], oCTaTb4yHaTaA
CTOMHOCT 0BUMKHOBEHO e 6bAe NONOKMTENHA, BbMpeKkn 4e agMMUHUCTpPpaUMNTE U3-
MCKBaAT HaI'IyCI-(aHe/OTKa3 oT yCcnyrmte, KOMTo CtaBat COOCTBEHOCT Ha AbpKaBaTta.
MKOHOMUYECKMAT aHau3 CpaBHABa pa3/IMv4HNTE BDHB3IMOXKHM alTepHaAaTUBU, KOUTO
no3BoJiABaT NN Hal‘;I-MBFOp,HMFI I/I360p UM HalMyCKaHe MpoeEKTa.

OT MKOHOMMYECKa rnefHa To4ka, egHa XnapoueHTpaJsia Cce€ pa3/indaBa OT KOH-
BEHUMNOHA/IHa TONJioueHTpasia, NOHEXKE HeMHaTa MHBECTULMOHHa CTOMHOCT 3a kW
€ Nno-rojiiMa, a onepaunMoHHUTE pa3xoan ca U3KIKOYHUTESIHO HUCKMU, TbM KaTo HAMA
Hy»Ja Aa Cce 3anjalla ropmso.

MKOHOMMYECKMAT aHaIM3 MOXKE Jla 6bAe M3roTBEH MM KaTo ce BKIOUYM edek-
TbT OT MHMNAUMATA MM aKO TOM Ce M3NycHe. PaBoTeMKM C MOCTOAHHA MapuyHa
CTOMHOCT MMa NPeaUMCTBOTO Jia Ce€ HanpaBMu €[MH M3K/YUTESIHO HE3ABMCHMM OT
cTeneHTa Ha MHdauma aHaim3. JIecHo e Aa ce HanpaBAT OLUEHKM Ha CTOMHOCTTA Mo
TO3M Ha4YMH, TbM KaTo T€ Ce OTHACAT A0 6/IM3Ka TOYKA BbB BPEMETO, KOETO O3Ha-
YyaBa Ye Te ca NpeACcTaBeHM BbB BaslyTa, KOATO MMA MOKYMNaTe/IHa CTOMHOCT 6/1M3Ka
[0 HacToAWMA cayyYan. AKO MMa MPUYMHM Ja ce BApBa, Y€ AaZeHu dakTopu uie
pasBMAT A0 pa3/iIMyHa CTeneH OoT MHdNaumATa, Te 6M TpAbBasio Aa ce TpeTupar C
amdepeHumanHa MHdIaUMOHHA CTOMHOCT. Hanpumep, ako [0NycHEM, Ye nopajm
€/1IEKTPUYECTBOTO TapUpMTe We HapacHaT C ABa NyHKTa B CpaBHEHME C MHDNaUMS-
Ta, JOKATO OCTaHa/IMTe (hbaKTOpM OCTaHAT NOCTOAHHA CTOMHOCT, LieHaTa Ha eNeKTpU-
4YeCTBOTO Le crnaja c 2% BCAKa roamHa.

N3uncnsaBaHe Ha MHBECTMUMOHHATa CTOMHOCT npeacrtae/idABa MbpBa CTbllKa
KbM MKOHOMMYECKaTa OLEHKa. 3a npeasapuUTesiHMA nogxo , oueHKkata Moxe Ja ce
OCHOBABA Ha CTOMHOCTTA Ha I'IO[],O6HI/I cXemMu.

CobluecTByBaT peamua Ha/MYHM CODTYEPHU MAKETM B MOMOLL, HA aHa/M3a Ha
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NnoTeHuuanHMsa 06ekT. KoMnoTbpHO 6a3mMpaHUTE NakeTu, Kato Hanpumep HydrA um
Hydrosoftare, KOUTO Ca Ha/IM4YHU B rnobanHaTa MpexXa 1 MoraT aa ce cBanat. Hakoum
OT TAX Ca JIMMUTUPAHM 3a ONpesesIeHU PEFMOHU MU AbPrKaBM, AOKATO APYrU ca no-
reHepuyHn. CopTyepHMa aHanm3 3a npeg-npoyysaHe RETScreen e reHepuyeH, CBO-
60/1HO Ha/IM4YeH copTyepeH NakeT C HApbYHMUK 3a NOJI3BaHE OHMaMH. TOW yaecHsABa
non3BaTenMTe Ja NOAroTBAT NpeABapuTe/IHA OLEHKa 3a FOAMLIHOTO NPOU3BOACTBO
Ha eHeprus, pasxoauTe U (pMHAHCOBATa KM3HEHOCT Ha MPOEKTUTE.

AOKaTO ce MAGHTMCDMLI,Mpa, 4ye eJnH MPOEKTbT MMa MbpPBOCTENEHEH TEXHMU-
YeCKM MNnoTeHumnana, KJIYDbT KbM BCAKO YCMNELWHO pa3BUTHUE € KaTO Ce rnpejripmeme
MKOHOMMYECKM aHa/IM3 Ha 0OEeKTa, KOMTO e npeaoCtaBM TOYHO onpeaendHe Ha
Heo6XoAMMUA MHBECTULMOHEH pa3xoj. Mo BpeMe Ha TO3M aHaJ/In3, OCHOBHa rpma
€ M34YMucsieHaTa CToMHocT 3a kKW Ha o6eKTa.

O6aue, oueHKaTa Ha pa3xoja € BakHa 3a MKOHOMMYECKMA aHa/In3, Heo6Xxoam-
MO € BTOpa CTbIKa, Aa Ce Hanpasu NpefBapuTesieH NPOeKT, BKJIOYBALl, OCHOBHUTE
KOMIMOHEHTM Ha cxemaTta. OCHOBaBaMKM Ce Ha TO3M NPOEKT, GIOAXKETHUTE LEHM 3a
MaTepuanM Morat ga ce noJsiyyaTt oT AocTaBuMumTe. Tesu LeHM He moraT Ja ce
CYMTAT 3a TBBPAM LEeHM AoKaTo cneuuduKkaummuTe 1 aTuTe Ha JoCTaBKa He 6baar
npeaoctaBeHU. TOBaA LE CTaHe MO-KbCHO, MO BPEME Ha CbLIMHCKUS AM3alH M Npo-
LlecMTe Ha JoCTaBKa.

Heka He ce 3abpaBs, 4e 3a MHCTasaumAa CBbp3aHa C MpeXaTta, TpsAbsa Ja 6bae
MHBECTMLUMOHHUA pa3xo/ Ha JIMHMATA Ha CBbP3BaHe, MOHEXe CbrnacHoO pas/iMyHU
HaLMOHA/IHX pa3nopeabu AeMCTBalM B CMJla, MaKap M MOHSAKOra ja crtaBaT cob-
CTBEHOCT Ha COOCTBEHMKA Ha MpeXaTa, TA BMHArn ce nsrpaxkJja 3a CMeTka Ha pas-
paboTBalmA xugpoenekTpmyeckara cxema. MHcTanauma B 6/1M30CT 4O TOYKaTa Ha
CBbp3BaHe C Mpexara Le 6bJe no-eBTHHa OT eJHa, KOATO € MHCTa/IMpaHa ganeye
OT Ta3u Toyka. CbLOTO OCHOBaHMA BaXKM U 3a TesieoHHUTE niMHMK. B 3aBog ¢ aB-
TOMaTMYHO ynpas/ieHne, TenedoHHa JIMHMA, KOATO Npejasa TeNeMeTPU U alapMeH
CMIHaN YecTo Ce Mon3Ba BbMPEKM MOHAKOra MoXe Ja 6bJe no-eBTMHO Ja Cce Nnon3ea
camarta TpaHCMMCMOHHA JIMHMA 3a YCTaHOBABaHE Ha pagmo Bpb3Ka. [lon3BaHeTo Ha
LUMdpoBMA MOBUJIEH TeslepOH CTaBa CbLLO BCE MO-4eCTOo ABJIEHME, aKo MMa JoCTa-
THYHO A0OPO NOKpUTHE.

MKOHOMMYECKMAT aHa/IM3 Ha CXemaTta OT CTpaHa Ha To3M, KoATO S pa3paboTBa
MOXXE Ja Ce OMpOCTU aKo LEHMTE Ha eNEKTpUYecTBOTO 3a MWh ca u3BecTu U ca
ycToMumBa eamHuua. Obaye, ToBa He € C/lyyadT M MasapuTe ce MPOMEHSAT MoCcTo-
SHHO - HacTosALlaTa CTbMNKa KbM IM6epasM3auma M OTBapsiHE KbM NasapuTe M Mnpo-
MOLMSATA HA Bb30GHOBAEMUTE EHEPrUM CY¥KAT KaTo A06bp npumep. TapuduTe ca
ZIOrOBOPHM MO Pa3/IMYHU HAYUHM MEXKAY NPOM3BOAMTENS U AOCTABYMKA M CE BAUAAT
OT HAUMOHAJIHUTE NOJIMTMKM Ha CTpaHMTE. Te3n NOJMTUKM MoraT M ce pas/imyasat
B pa3/IMYHMTE CTPAHU M Ce pasriexaaTt M NPOMEHST YecTo, KaTo ToBa 3aTpy/HsBa
[la ce HanpaBW Hello noBeye OT noApobeH nperned. JoroBopeHute Tapudu Ypes
HAKOM (DOpMM Ha CriopasyMeHME 3a MoKynaTesiHa Cula C J0CTaBYMKa Le Bapupar
B Pa3/IMYHUTE CTPaHM U1 Le 6bAAT CUIHO NOBJIMSHU OT HaLMOHa/IHaTa NOJIMTMKA Ha
cTpaHata. ETo 3aulo e BaxkHO 3a pa3paboTBallMsa cXxemaTa sICHO Aa pa3bepe Hamec-
BaHETO Ha HaUMOHaIHaTa NOUTUKA.
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,BpemMeBaTa oOLleHKa Ha napuTe” e KoHUenumsa, KoaTo UUTMpa, Ye eaHo eBpOo
MoJly4YeHo JHEC, He € PaBHO Ha €[JHO €BPO MOJIYyYEHO B HAKOM MOMEHT OT 6bjeLle-
TO, TbM KaTO €BPOTO MOJIyYEHO AHEC MOKe Ja 6bJe MHBECTMPAHO 3a J0O6MBAHE Ha
MxBa. AHanu3bT BpemeBaTta oueHKa Ha napuTte 06LI0 BK/OYBA B3aMMOBPb3KaTa
MeXJy JaJleHa cyMa napM, AaZeH nep1o oT BpeMe U AaZieHa CTOMHOCT Ha CbCTaBs-
HaTa /IMXBa.
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Political frame

Following the “Third Conference of the Parties to the United Nations Frame-
work Convention on Climate Change” held in Kyoto in December 1997, the Euro-
pean Union has recognized the urgent need to tackle the climate change issue. It
has also adopted a target to reduce greenhouse gas emissions by 8 % by 2010 from
1990 levels, whereas for other industrialised countries the target is 5 %.

To facilitate the Member States achieving this objective, the Commission
identified a series of actions, focusing on reducing energy consumption and carbon
emissions (CO,).

The development of energy from renewable resources is a very important step
in the reduction of CO, emissions. Therefore the EU Council and Parliament has
brought forward Directive 2001/77/EC for the promotion of electricity produced
from renewable energy resources

Electricity production from hydropower has been, and still is today, the first
renewable source used to generate electricity. Nowadays hydropower electricity
in the European Union - both large and small scale - represents, according to the
White Paper, 13% of the total electricity generated, so reducing the CO, emissions
by more than 67 million tons a year. But whereas the conventional hydro requires
the flooding of large areas of land, with its consequential environmental and social
issues, the properly designed small hydro schemes are easily integrated into local
ecosystems.

In 2001, approximately 365 TWh of hydro energy was produced in the Euro-
pean Union from an overall capacity of 118 GW. Small hydro plants accounted for
8.4% of installed capacity (9.9 GW) and produced 39 TWh (about 11% of Hydro-
power generation). Given a more favorable regulatory environment, the European
Commission objective of 14000 MW by 2010 should be achievable and that small
hydro would be the second largest contributor behind windpower.

The large majority of small hydro plants are “run-of-river” schemes, mean-
ing that they have no or relatively small water storage capability. The turbine only
produces power when the water is available and provided by the river.

When the river flow falls below some predetermined value, the generation
ceases. Some plants are standalone systems used in isolated sites, but in most
cases in Europe, the electricity generated is connected to the grid. Stand-alone,
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small, independent schemes may not always be able to supply energy, unless their
size is such that they can operate whatever the flow in the river is. In some cases,
this problem can be overcome by using any existing lakes or reservoir storage that
exists upstream, of the plant.

The connection to the grid has the advantage of easier control of the electri-
cal system frequency of the electricity, but has the disadvantage of being tripped
off the system due to problems outside of the plant operator’s control.

It is possible for grid connected systems to sell either all or some of their
energy to supply company. (Note: this may not necessarily be the grid operator).
However, the price paid for this energy is generally, in Europe particularly, fairly
low. In recent years, supported by the RES-e

Directive an in some cases National Government legislation enhanced pay-
ments are available for trading renewable energy states. This has helped small
scale developments obtain a reasonable rate of return on the investment. It has
also led to an increase in small scale hydro schemes being developed.

I.1. Romania

1.1.1. Current status

In Romania there are 362 Hydroelectric Power Plants (HPP) with an overall
installed capacity of 6120 MW, which means 27.9% of the overall installed capacity
of the Romanian power system (21905 MW).

The structure of these HPPs are the following:

» 95% of them are owned by SC HIDROELECTRICA SA and have an installed
capacity of 5899.3 MW

» 2.5% are owned by SC ELECTRICA SA and have an installed capacity of 156 MW

» 1.9% are owned by SC TERMOELCTRICA SA and have installed capacity of
117.6 MW

» 0.6% other producers

» Out of these 362 hydroelectric power plants there are:

» 317 HPPs with capacities between 0 and 30 MW, totalizing 1069 MW installed
» 32 HPPs with capacities between 30 and 100 MW, totalizing 1529 MW installed

» 13 HPPs with capacities over 100MVW, totalizing 3552 MW installed ( The An-
nual Statistic Book of Romania for 2001)

In 2000, the total energy produced by the hydro sector was 14778 GWh, rep-
resenting 28.5% of the total energy produced in Romania.

In 1998 and 1999, due to the good hydraulicity (rainy years) the hydro sector
produced 35.3% and 36.1% from the overall energy production of the country.
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The most important Hydroelectric Power Plant of Romania is Portile de Fier 1,
on Danube river, and it is also the biggest hydroelectric power plant in Europe. It
has an installed capacity of 1050 MW (the Romanian part, only) and it is planed to
reach 1167 MW at the end of 2005.

The other Hydroelectric Power Plants of the country are located on the fol-
lowing rivers: Olt, Lotru, Bistrita, Somes, Dragan, Arges, Dambovita, Raul Targului,
Sebes, Raul Mare, Cerna, Bistra, Buzau, Motru, Danube.

The most important local manufacturer which has the capability to build any
kind of hydroelectric equipment, is the Meta lurgical Factory from Resita.

1.1.2. Hydro energy resources

In Romania, the most important water basins are: Olt, Lotru, Bistrita, Somes,
Dragan, Arges, Dambovita, Raul Targului, Sebes, Raul Mare, Cerna, Bistra, Buzau,
Motru, Danube.

The hydroelectric potential of Romania, according to the latest reevaluations
is (Energetica Reviews 1995-2001, Electricity Supply in Romania 1996):

» theoretical potential = 70000 GWh/year, out of which:
= the potential of the rivers inside the country, 51600 GWh/year
= the potential of the Romanian part of the Danube, 18400 GWh/year

» technical potential: 34500 GWh/year and an installed capacity of 11370
MW, out of which:

= the Romanian part of the Danube: 11560 GWh/year and 2620 MW in-
stalled

= the micro-potential (HPP with capacities under 0.63 MW/plant): 2940
GWh/year and 757 MW installed

» economic potential: 27000 GWh/year and 9120 MW installed.

» exploitable potential (which is in accordance with the requirements of
UCTE and takes into consideration legal and environment restrictions):
from 24000 to 26000 GWh/year and from 7000 to 8200 MW installed.

At the end of 2000, 67.1% of the economic potential for energy and 54.7% of
economic potential for power was exploited.

Current status of hydro power plants

Installed capacity (small<30 MW) 317 HPP, 1069 MW installed

Installed capacity (medium 30-100 MW) 32 HPP, 1529 MW installed
296.4 MW in 36 HPPs (the same identified as
projects with high potential)

448.6 MW in 10 HPPs (the same identified as
projects with high potential)

Projects under construction (small<30 MW)

Projects under construction (medium 30-100 MW)
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Hydro energy resource potential

Level of information available Very good

Country-level hydro atlas available? Only a map, available at SC HIDROELECTRICA SA
70000 GWh/year theoretical potential

Estimated potential 34500 GWh/year, 11370 MW technical potential
27000 GWh/year, 9120 MW economic potential

Target established? 900 MW

Identification of areas/projects with high potential for hydro energy

Recommended strategic assessments No
HPP Beretea (16.2 MW)

HPP Robesti (28.5 MW)
HPP Strei (16.8 MW)
HPP Calan (7.8 MW)
HPP Bacia (11.7 MW)
HPP Simeria (11.5 MW)

other 30 hydroelectric power plants with a to-
tal capacity of 203.9 MW

HPP Surduc (31.2 MW)
HPP Raul Alb (36 MW)
HPP Movileni (37 MW)
HPP ValeaZadului (35 MW)

other 6 hydroelectric power plants with a total
capacity of 309.4 MW

Capacities between 0 and 30 MW

Capacities between 30 and 100 MW
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I.2. Bulgaria

1.2.1. Current status

Bulgaria has been utilizing its hydrological resources for over two centuries.
The country currently has 10,300 MW of installed capacity from large commercial
hydroelectric power plants (HPP’s). Bulgaria also has approximately 545 MW of in-
stalled capacity from small and micro (< 15 MW) HPP’s (World Electric Power Plants
Database, June 2009). Approximately, 3.6 billion kilowatt-hours were generated
by hydroelectric power plants in 2007, so hydroelectric power makes up about 10
percent of the total power generated in Bulgaria (EIA, 2007).

Bulgaria has growth in their hydroelectric power sector. Currently, 105 MW of
hydroelectric capacity are being constructed, and 190 MW of capacity have been
planned. For the most part, Bulgaria’s technical and economic potential for large
hydroelectric plants is being fully exploited (Renewable Energy Fact Sheet, Euro-
pean Commission).

The Bulgarian government has placed great emphasis on the development of
the country’s hydrological sources in an effort to limit the dependence on foreign
fuel imports. The 1999 Energy and Energy Efficiency Act targeted privatization
of power generation, including hydroelectric. In all, approximately 63 small and
micro HPP’s are located on the National Energy Company’s (NEK) property, all of
which are of focus for privatization. According to the World Bank Privatization
Database, the PirinskaBistritsa Energy Company was privatized in 2000, and the
Prouchvane i DobivnaFeft i Gaz Energy Company was privatized in 2003. The Bul-
garian government in recent years has also initiated new licensing schemes as part
of the project development process.

There are a few private sector companies who are actively involved in the
development of small and micro HPP’s such as Energoproekt, Hydro Ltd., AMEK,
and ESD of Bulgaria. While the country does not have a hydro association, there
are several organizations created on a municipal level who have taken an active
interest in renewable energy sources. Municipal organizations such as the Plovdiv
Energy Agency, as well as the Regional Energy Center’s at Lovetch, Russe, and
Haskovo - just to name a few.

Bulgaria’s geography consists of mountainous terrain combined with valleys
and plains. An average altitude of 470 m above sea level and an annual precipita-
tion of 672 mm yield over 526 rivers that are greater than 2.6 km in length. All of
these rivers flow into one of three main drainage basins: the Danube Watershed,
the Black Sea Basin, and the Aegean Sea Basin. The longest river in Bulgaria is the
Iskar, which flows for 368 km and finally discharges into the Danube Watershed.

Total yearly fluvial runoff from the country’s inland rivers during a normal
year is approximately 20.2 billion m3, and for a dry year can be as low as 9.3 billion
m? (Center for Integrated Regional Assessment, 2000).
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1.2.2. Hydro energy resources

Bulgaria has been utilizing the hydrologic potential of the country.s watercours-
es for over two centuries. The country currently has a total of 1,937 MWe of installed
capacity which is mainly generated by the larger commercial hydroelectric power
plants (HPP.s), while a total of 63 MWe is generated from small and micro HPP.s (So-
fia Energy Cneter, 2002). This installed hydroelectric capacity equates to approxi-
mately 15 percent of the total installed commercial capacity for the country (US DOE
2002c¢). However, many of the existing HPP.s are over 30 years of age and are in need
of some sort of rehabilitation to be restored to their true peak capacities.

The country.s geography consists of mountainous terrain coupled with fertile
valleys and plains. Table 12 indicates the hypsometry of Bulgaria. Considering that
the average altitude is 470 m asl and the annual precipitation being 672 mm, it is
not surprising that there are over 526 rivers in Bulgaria that are more than 2.6 km
in length. All of which flow into three main drainage basins: The Danube Watershed,
The Black Sea Basin, and the Aegean Sea Basin. The longest river is the Iskar which
flows for 368 km and ultimately discharges into the Danube Watershed. Total yearly
fluvial runoff from the country.s inland rivers during a normal year is approximately
20.2x109 m3 while for a very dry year it can be as low as 9.3x109 m3 (Center for
Integrated Regional Assessment, 2000). The total yearly water consumption of the
country is approximately 10.6x109 m3, of which 31 percent is utilized for irrigation,
16 percent for potable and domestic purposes, 19 percent for hydroelectric, 26 per-
cent for conditionally pure water for the economy, and 8 percent for other purposes.

The Bulgarian government has placed great emphasis on the development of
the country.s hydrological resources in an effort to limit the dependence on for-
eign imports of fuel. Resulting from the adoption of the 1999 Energy and Energy Ef-
ficiency Act, the basic legislative framework for the creation of a market oriented
power sector was developed. An outcome of this is the target to privatize much
of the power generation capabilities of the country. In all, approximately 63 small
and micro HPP.s are located on the National Energy Company.s (NEK) property,
and in 1998 the first attempts to privatize 22 HPP.s went underway with difficulty.
Within the past year it appeared that the difficulties had, for the most part, passed
and it now appears that most of the 63 have been targeted for privatization by
2005 (D. Tafrov, 2001). The Bulgarian government in recent years has also initiated
new licensing schemes as part of the project development process. In addition to
the environmental impact assessment laws set for by the Ministry of Environment
and Waters, a project developer is required to adhere to the following regulations
when developing a commercial hydroelectric power project:

» Law on Waters .the State dictates the commercial uses for all the coun-
try’s watercourses. The law is currently in the process of being amended to
comply with EU directives;

» Law on Concessions . dictates the requirements and criteria for assuming
the rights for utilization of watercourses for commercial purposes;



Political frame 177

» Energy and Energy Efficiency Act . dictates the licensing and permitting
requirements for hydro sites which will be utilized for commercial energy
purposes;

» Territorial Structure Law .includes the regulations for construction of en-
ergy supply networks.

There are a few private sector companies who are actively involved in the
development of small and micro HPP.s such as Energoproekt, Hydro Ltd., AMEK,
and ESD of Bulgaria. While the country does not have a hydro association, there
are several organizations created on a municipal level who have taken an active
interest in renewable energy sources. Municipal organizations such as the Plovdiv
Energy Agency, as well as the Regional Energy Center.s at Lovetch , Russe, and
Haskovo are just to name a few.

There are a number of existing and potential projects that the State
either has conceptual / initial studies or pre-feasibility studies already com-
pleted, and is looking for investors to proceed with the development of such
projects. Considering this, there are very good opportunities for further hydro
development in Bulgaria.

Current status of hydro power plants

Installed capacity (small<30 MW) There are over 62 small to medium sized HPP.s
in Bulgaria. In addition there are an estimated
Installed capacity (medium 30-100 MW) 49 HPP.s with output <2MWe.

There has been feasibility studies performed
on numerous sites along the Iskar and Strouma
rivers for small HPP.s, although further project

Projects under construction (small<30 MW)

Proiecte in constructie (medie 30-100 MW) implementation or construction has not yet be-
gun.
Hydro energy resource potential
Level of information available Fair - Good.
Country-level hydro atlas available? Yes.

10,000 GWh, annual potential by 2020 (consid-
ers: smallmedium- large HPP.S).

212MW, technical potential micro HPP.s (<2MW)
by 2020.

No. Although the State has expressed that total
annual capacity of installed hydro could be ap-
proximately 10,000 GWh by 2020. Currently it is
approximately 3,300 GWh (1999).

Estimated potential

Target established?
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Identification of areas/projects with high potential for hydro energy

Assessment of micro-HPP potential of Bulgar-
ian rivers;

Recommended strategic assessments Assessment of the necessary rehabilitation ef-
forts required to increase the output and effi-
ciency of medium, small, and micro HPP.s.

Iskar River Valley . est. 155 MWe

Identified areas/projects Strouma River Vallery . est. 59 MWe

Various Locations . N/A
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Chapter Il
Social and economic condition of the regions
involved in the study

II.1. South-West Region of Romania

The South-West region, with a surface of 29,212 km? comprises 5 counties:
Dolj, Olt,Valcea, Mehedinti and Gorj and correspond, mainly to the old historic
region of Oltenia.

It is neighboring with Bulgaria, Serbia and with South Muntenia, Centre and
Westregions.In 2004 South West Oltenia Region had a population of 2,317,636
(which represented 10.69% of the total population of Romania) with a density un-
der the national average(79.3 inhab/km?, compared to 90.9 inhab/km?). The rural-
urban structure of thepopulation is 52.8% versus 47.2% (for Romania 45.1% versus
54.9%), the most ruralcounties being Olt (59.6%), Valcea (55%) and Gorj (53.3%).

The region relief has a relatively balanced distribution, including mountains,
plains, hillsand plateaus. In the north side of Oltenia, the relief has mountains and hills
(theCarpathians and sub - Carpathians area), with predominating forests and grass-
lands. Theplain area is specialised mainly in cultivation of cereals. The hydrologic net-
work, formedmainly by the Danube River, Olt and Jiu rivers, provides the region with
the mainenergetic role of Romania (71.57% of the total hydroelectric production).

The localities network comprise 40 towns, 11 of them being municipalities and
408 communes that comprise 2066 villages. The most important towns are Craiova
(300.843 inhab), Rm. Valcea (111,980 inhab), DrobetaTurnuSeverin (109,941 in-
hab), Targu- Jiu (96,320 inhab) and Slatina (81,342 inhab). As it concerns the small
towns (under 20,000 inhab), many of them do not have an adequate structure and
development: Vanju Mare, Dabuleni, Scornicesti etc.

The labour market reflects the national trends. The employed population is
distributed on the economic sectors as follows: agriculture and forestry (42.1%), in-
dustry (26.9%) and services (31%). The counties’ analysis revealed higher rates of the
employed population in agriculture in Olt (49.5%) and Mehedinti counties (48.4%),
the service sector being more developed in Valcea (34.3%) and Dolj counties (33%).
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The economic restructuring process caused the migration from urban to rural
environment of a big number of aged unemployed populations, where they prac-
tice subsistence agriculture. The high share of rural population and the wide area
of rural lands, mainly in the south side of the region, make the agriculture the
predominant sector in the regional economy. Thus, the increasing number of the
employed persons in agriculture and the division of the agrarian fields as a result
of the property reform, as well as the use of less advanced technologies, led to
an important decrease of work productivity in this sector as the value of results in
real terms remained in general the same, while the labour force hired.

The construction of the 2 pan-european corridors (the road corridor IV and
the Danube River corridor VII), which will cross the region, are expected to raise
the regional accessibility and to stimulate investment attraction, contributing to
a better mobility of the labour market. Least, but not the last, the project imple-
mentation will imply the use of the region’ human resources.

Furthermore, in order to attract foreign investments, Romania set-up along-
side the Danube - free areas with fiscal facilities, but none of these is located in
Oltenia. After building the Calafat - Vidin bridge over the Danube, it is expected
that Calafat to fulfill the necessary conditions to become a free area: a key point
of the road, railway and also river international traffic.

The development of research facilities and capacity within the Universities
Centres and the use of of the research results within the SMEs sector could create
conditions for the development of business environment.

SOUTH-WEST REGION
Indicators to characterize the development level and the economic potential

- 2004-
: Counties .
INDICATORS Region DJ | GJ | MH | OT | WL Romania

Population, employment, unemployment
Total population
(absolute 2,317,636 720,554 | 386,097 | 305,901 | 488,176 | 416,908 (21,673,328
figures)
rban | 472 | 53.0 | 46.7 | 483 | 40.4 | 45.0 | 54.9
population (%)
Rural

52.8 47.0 53.3 51.7 59.6 55.0 45.1

population (%)

II.2. Nord Region of Bulgaria

Bulgaria’s success in transforming its economy from central planning to a mar-
ket-based system remained unmeasured in 1991. Undoubtedly, any form of Bulgar-
ian government faced a daunting task at that point. Because its financial and pro-
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ductive resources had been allocated ineffectively for many years, the economy
urgently needed major reforms. The manufacturing sector was uncompetitive in
world markets, was technologically outmoded, and consumed energy and materi-
als at enormously wasteful rates. The agricultural sector, once the most productive
sector of the Bulgarian economy, had degenerated to the point that the country
could scarcely feed its own people. A new trade regime with traditional partners
would strain already low hard currency reserves, restricting access to raw materi-
als and sophisticated technology. External and internal debt were enormous when
Zhivkov fell. Inflation was high, environmental problems were severe, and skilled
labor was insufficient.

Several factors complicate the quantification of socialist economies from a
capitalist perspective. Prices in socialist economies serve primarily an accounting
function; they do not reflect relative scarcities and demand for a product as they
do in capitalist economies. Hence, comparisons of value indicators are difficult. In
addition, some socialist statistics simply are calculated differently. For example,
the socialist equivalent of national income, referred to as net material product
(NMP), excludes the value of most services, including government, that are unre-
lated to physical production.

Accurate assessment of Bulgarian economic policies and performance under
communist regimes also is complicated by incomplete, inaccurate, or misleading
statistics. Some Western economists have attempted to extrapolate data based on
a combination of Bulgarian statistics, various economic assumptions, and statisti-
cal techniques.

The total labor force in Bulgaria was 4.078 million in 1988. Of that total, 35.9
percent were classified as industrial workers, 19 percent as agricultural workers,
and 18.9 percent as service workers. In 1985 some 56 percent of the population
was of working age (16 to 59 years old for men and 16 to 54 for women); 22.9 per-
cent were under working age, and 21.1 percent were over working age.

On 1 January 2007 Bulgaria entered the European Union. This led to some im-
mediate international trade liberalization, but there was no shock to the economy.
The government is running annual surpluses of above 3%. This fact, together with
annual GDP growth of above 5%, has brought the government indebtedness to
22.8% of GDP in 2006 from 67.3% five years earlier. This is to be contrasted with
enormous current account deficits. Low interest rates guaranteed availability of
funds for investment and consumption. For example, a boom in the real estate
market started around 2003. At the same time annual inflation in the economy was
variable and during the last five years (2003-2007) has seen a low of 2.3% and high
of 7.3%. Most importantly, this poses a threat to the country’s accession to the Eu-
rozone. The Bulgarian government plans for the Euro to replace the Lev in 2010.
However, experts predict that this might happen as late as in 2012. From a politi-
cal point of view, there is a trade-off between Bulgaria’s economic growth and the
stability required for early accession to the monetary union. Bulgaria’s per-capita
PPPGDRP is still only about a third of the EU25 average, while the country’s nominal
GDP per capita is about 13% of the EU25 average.
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Bulgaria’s consistent emphasis on developing heavy industry at any cost cre-
ated raw material demands well beyond the country’s domestic resources. This
problem was compounded by the inefficient industrial use of energy and raw ma-
terials: Bulgaria used more energy per unit of NMP than any Western economy. For
this reason, one of the most salient aspects of the Bulgarian postwar economy was
reliance on imported Soviet natural resources.

Besides the pollution caused by burning domestic coal, about 1,500 megawatts
of Bulgaria’s thermoelectric generation capacity was idle in the late 1980s because
of inefficient fuel delivery or equipment breakdown. About half the capacity of lo-
cal heat and power plants, relied upon to supplement major electrical plants and
provide heat for industries and homes, was unavailable for the same reasons.

In the early 1990s, Bulgarian energy planners faced serious dilemmas. At the
Maritsa-iztok-1, Maritsa-iztok-2 and DimoDichev thermoelectric plants, located in
the Maritsa-iztok coal fields, long-term plans called for gradual replacement of old
generating equipment in existing stations. But most such projects were far behind
schedule in 1990. The 1990 decision not to complete the Belene Nuclear Power
Plant meant increased reliance on Maritsaiztok coal for heat and power genera-
tion. In 1990 that spurce provided 70 percent of the country’s coal, and its three
power stations contributed about 25 percent of total power generation.

The Maritsa-iztok Industrial-Power Complex (with its machine building and re-
pair enterprises one of the largest industrial centers in Bulgaria, employing 22,000
people in 1991) had been in operation since 1951; by 1991 the quality of its coal
and the reliability of its infrastructure were steadily declining. But at that crisis
point in the national economy, funds were unavailable for capital investment, es-
pecially to buy expensive foreign technology. At the same time, industry authori-
ties acknowledged burning high-sulfur coal and strip mining at Maritsa-iztok as a
severe environmental problem whose amelioration would cost at least a billion
leva, mostly hard currency.

Hydroelectric power generation was concentrated in southwestern Bulgaria,
but few Bulgarian rivers offered large-scale hydroelectric potential. The major
hydroelectric project in the Ninth Five-Year Plan (1986-90) was completion of the
Chaira station, which would add 864 megawatts of generating capacity. Develop-
ment of local hydroelectric stations on small streams was a planning priority for
the 1990s.
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Chapter llI
Description of the rivers and water flows
in the area of study

lll.1. Dolj rivers flow

mn.1.1. Jiu

The Jiu river basin contains 275 rivers with a surface larger than 10 km?, 14
natural lakes and12 dam reservoirs with surfaces larger than 50 ha. The Jiu River is
one of the important riversflowing on Romanian territory. Its length is 339 km and
its springs are located in the SouthernCarpathians. Jiu is formed by the conver-
gence of 2 main tributaries, springing at altitudes ofaround 1,500 m: Western Jiu,
with springs in the Retezat Mountains, and Eastern Jiu, withsprings in the south-
ern slopes of Surianu Mountains. Upstream the general appearance of thevalleys,
typically narrow and deep, is a V-shape, lacking major river bed, with large-size
rivermaterial (rocks, gravel, etc.).

The Jiu river basin has a river network density 0.38 km/km?, and an average
annual discharge is 92 m3/s. Its catchment area is located in the southern part of
Romania, covering 10,080 km? out of which 37.5% (3777 km?) is taken by forests. It
is crossing the most important and oldest coal mining area in the country (Petrosani
basin). It flows then to the south through high hills, and after receiving its most im-
portant tributary Motru, which is crossing the second important coal mining area in
Romania - Motru basin, it flows towards the Danube. The middle part of the Jiu river
basin is also an important oil-drilling area. After converging with the Motruriver, Jiu
crosses another 155 km to the Danube. From this convergence (at 100 m), the Jiu
descends another 78 m before reaching the Danube. This allows the river to make
large detours or narrow curves, round-abouts and splits of the river bed.

Downstream of Craiova, the Jiu river banks are fragmented by ravines cre-
ated by temporary waterways that cannot be considered tributaries. This region
is also characterized by abundant springs in the eastern slopes (such as those
at Gioroc, Murta, Dobresti), which are exploitable without special works, due to
their constancy and volume. On its right side, Jiu receives 31 tributaries, the most
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important being Tismana, Jilt, Motru and Rasnic. On its left side, Jiu receives 21
tributaries, the most important being: E Jiu, Sadu, Cioiana, Gilort, Amarandia.
The Jiu river basin has 69 natural lakes and ponds, 14 of which are wider than 0.5
km?. Most are located in the Danube floodplains. The natural lakes of the Danube
floodplains are genetically- diverse, having formed along with the hydrographical
network and having been subjected to erosion and wind accumulation of sands.
The water input of these lakes depends on the hydrological regime of the Danube
and on the hydro-geological conditions. Flooding ensures the fill and maintenance
of these depressions that do not have own water sources. Due to the nearness to
the surface of the water table (0-2 m), the water can be maintained in the lakes.
Both the filling of the lakes and the forming of the banks depend on the duration
of maximum levels of the Danube. Some of the lakes have become nature reserves:
BaltaLata (60 ha), Adunatii de Geormane (102 ha), Preajba- Facai lake complex (28
ha), BaltaCilieni (47 ha), lonele (3.2 ha), Caraula (28 ha) siBaltaNeagra (1.2 ha).
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Regulations affect 59 rivers and dams affect 32, causing modifications in the
courses of the rivers, alterations of the hydraulic characteristics and interruptions
in lateral continuity. In the Jiu river basin, the total length of dams is 835 km, and
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the total length of regulations is 478 km. The Jiu itself has dams along 234 km
(69%). There are dams on Drincea (54%), W Jiu (42%), E Jiu (45 %), Meretel (83%).
Dams on other rivers reach a maximum of 30% of the rivers’ length. The degree of
intervention on the courses of the rivers is 15.3%.

In the Jiu river basin seven derivations have been performed on the upper
sectors of waterways. Water is transited both in the area of the same basin (Motru
- Tismana; W Jiu - Valea de Pesti), and between basins: Cerna - Jiu basins (Cerna -
Motru) or Jiu - Olt basins (Jiet - Lotru; Galben - Oltet).

The installed volume of these derivations is 79.1 m3/s. The derivations were
created for hydroelectric purposes, with the exception of the W Jiu - Valea de Pesti
derivation, which is meant to supply the inhabitants of Jiu Valley with water. The
latter derivation is above the ground.

There are several permanent dam reservoirs:

» Valea de Pesti reservoir. The dam holds 4.2 mil m3 of water at Normal Re-
tention Level (NRL). The total volume of the lake is 5.4 mil m3. It covers a
surface of 0.24 km?, and has a maximum depth of 56 m. It was built with
the purpose of supplying water and mitigating flooding.

» Vadeni + Tg. Jiu reservoir. The dam holds 1.8 mil m3 of water NRL. The total
volume of the lake is 3.8 mil m3. It covers a surface of 1.07 km?, and has a
maximum depth of 21.5 m. It was built with the purpose of producing elec-
tricity and mitigating flooding.

» Turceni reservoir. The dam holds 7.4 mil m? of water NRL. The useable volume of
the lake is 3.3 mil m3. It covers a surface of 1.5 km?. It was built with the purpose
of producing electricity, supplying industrial water and mitigating flooding.

» Isalnita reservoir. The dam holds 2.5 mil m3 of water NRL. The useable
volume of the lake is 1.4 mil m3. It was built with the purpose of supplying
water for the production units.
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I1l.2. Montanat rivers flow
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The river takes its name after the feed- .4
ers Beli and Tcherni Loin flow together. It
flows across the north-eastern part of Bulgar-

ia through the regi3ns of Targovishte, Razgrad
and Russe and disgorges in the Danube river

at the town of Russe. Its length is 197 kin, the R '
catchment area is 2 947 sq.km. The mean an- & il ,
nual water flow is 222 x 106 cu.m. and 117 x

106 cu.m. in dry (75%) year. u .
11.2.2. Tsibritsa

The Tsibritsa is a river in the western Danubianr Plain of northern Bulgaria and
a right tributary of the Danube. The river originates in the ShirokaPlanina (“Wide
Mountain”) area of the Fore-Balkan Mountains near the Serbian border and flows in
a northeast direction diagonally through Montana Province. East of the village of
DolniTsibar in Valchedram municipality, it flows into the Danube.

The Tsibritsa has a length of 87.5 kilometres and a drainage basin of 933.6
square kilometres. At Ignatovo near the Tsibritsa’s mouth its average discharge
is 2 cubic metres per second. The river’s waters are used for irrigation. The low
plateau between the Tsibritsa to the west and the Ogosta to the east is known as
Zlatiya and is a fertile agricultural region.

In Ancient Roman times, the river was known as the Ciabrus and the region
was inhabited by the Thracian tribe of the Triballi.

lll.3. Vraca rivers flow

Ogosta river is one of the biggest draining systems in Northwestern Bulgaria.
In its water catchment itinvolves more than 40 feeders. The biggest river Ogosta
is 141 km long, taking an area of more than3,110 km?, at average altitude of 395
m, mean river slope of 11.4%., average density of the riversystem 0.73 km/km?,
and afforesting 37%. The biggest tributary is Skat river, which is 134 km long,area
1,074 km?, average altitude 200 m, afforesting 6%, mean river slope 2.8%., and
average densityof the river system 0.27 km/km?.

The production capacities of such industrial branches, as mining, chemistry,
food and agriculture,disturbed the natural environment mainly in the 70-ies of
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20th century. Till and after the liquidation ofmines and a great portion of the en-
terprises-pollutants in 1990 a purposeful ecological policy is notrealized. The fu-
ture development of Northwestern economic region as mostly undeveloped in the
EUrequires implementing of purposeful ecological policy. Up to now the studies are
concentrated insingle parts just regarding single components. For that purpose is
necessary the implementing ofpurposeful assessments of environment. The aim of
this work is to orient towards the main andcomprehensive assessments of ecologi-
cal burden of the studied territory.

This work is grounded on theoretical and methodical principles of systematic
analysis of maincomponents of natural and technogenic environment and their re-
lations in compliance with thelegislation in Bulgaria and European Union.

The Ogostariver with its more than 40 tributaries forms a well developed river
system belonging to the Danubian effluent region of Northwestern Bulgaria. The
biggest river flow is characteristic for the altitude zone above 1,600 m, where 85-
90% of the rainfall is transformed into the river flow; in the altitude zone 600-1600
m this percentage is about 40% averagely; in the zone 300-600 m - 25%, and in the
plain-hilly parts of Ogosta river basin and its tributaries - just 10-12%. In the karst
regions all rainfall quantity is transformed into groundwater. Four zones are dif-
ferentiated within the Ogosta river basin depending on the rate of the abundance
in water, i.e. the quantity of water resources:

» Strongly abundant - the terrains above 1,400 m altitude, with average an-
nual flow exceeding 800 mm;

» Sizably abundant - with average annual flow ranging between 300 mm and
800 mm and altitude above 600 m;

» Moderate water-bearing - with average annual flow ranging between 60 mm
and 300 mm and altitude above 150 m;
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» Poorly water-bearing - with average annual flow ranging between 15 mm
and 300 mm and altitude up to 150 m.

The abundance of water in the basin changes from about 1.8 times above the
average to nearly 2 times below the average depending on whether the year is well
or dry in water. The distribution of Ogosta river flow into the Danubian plain by
months is as follows: at Miziya town maximum in May - 49.60 m3*/s and minimum in
August - 2.13 m3/s; Skat river at Nivyanin village - maximum in March of 2.02 m3/s,
and minimum in August again with 0.24 m3/s. The alpine tributaries of Ogostari-
ver are characterized with two flow maxima in May-June and correspondingly two
minima in September- October.

The river floods create ecological discomfort. There are determined between
3 and 7 cases of river floods per one year. According to the number of floods per
an year the rivers could be differentiated as: almost without floods - with average
frequency of floods up to three cases (small rivers in the Danubian plain below 300
m altitude); with some floods - up to 6 cases (lower courses of Ogosta river and its
tributaries in the Danubian plain) and moderate floods - 6-7 cases (upper course of
Ogosta river).

The average annual temperatures of river water vary as follows: Berkovitsa
river at Berkovitsa town 8.8°C; Botunya river at Varshets town 7.7°C, and at Soy-
anovo village - 9.4° C; DalgodelskaOgosta river at Govezhda village 8.1°C; Chiprovs-
kaOgosta river at Chiprovtsi town 7.5°C; Ogosta river at Martinovo village 8.1°C, at
Kobilyak village - 11.1°C, and at Miziya town - 12.1°C

The quality of Ogosta river water is characterized with its chemical composi-
tion with is strongly affected by natural and anthropogenic factors. The river wa-
ters of Ogosta river basin are referred to the hydrogen-carbonate formation: the
waters of Ogosta and Skat rivers in the plain parts are hydrogen-carbonate-calci-
um-sodium, and hydrogen-carbonate-sulfate-calcium are the waters of the spring
parts of Ogosta river (Martinovska, Chiprovska and DalgodelskaOgosta). The back-
ground salinity waters of rivers in the Danubian plain is about 300-400 mg/dm?,
as the altitude in single parts of the basin raises up it varies between 500 and
1,000 mg/dm3. Deviations of the background salinity values are observed in all
anthropogenically polluted parts. Till 1990 the waters have been completely con-
taminated with suspended substances in the places where the waste water of ore-
dressing plants at Martinovo and Sedmochislenitsi plant at Zgorigrad were mouthed
into both rivers Martinovska and Varteshnitsa. The quantities of these substances
discharged into the receptacle were 1,498,000 kg/day and 1,204,000 kg/day cor-
respondingly. At the moment only the plant at Zgorigrad is producing, but the
quantity of suspended substances discharged into the receptacle is not announced.
Another big pollutants till 1990 are: the cellulose plant at Miziya town (mouthed
in Skat river with quantity of suspended substances 28,154 kg/day), the chemical
works at Vratsa town (together with another 38 small enterprises the quantity of
suspended substances amounted to 13.163 kg/day) and the cement plant at Be-
lilzvor village (mouthed in Botunya river with quantity of suspended substances
6,050 kg/day). After the data of Tzatchev et al. (1973) the quantity of suspended
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substances discharged in the Ogosta river basin from more than 110 works, plants,
mines and ore-dressing plants exceeds 2,779,843 kg/day. The same authors stud-
ied the pollution of rivers water of Ogosta river basin with refuse water of living.
The towns of Montana, Berkovitsa, Varshets, Vratsa, ByalaSlatina and Miziya are
announced as main pollutants. The quantity of suspended substances discharged
in the rivers there exceeds 2 tons per day. After 1990 as mostly polluted part is
pronounced the zone between both towns Montana and Berkovitsa, and strongly
reduced is the water pollution in the rest parts. According to the international cri-
teria for the rate of water pollution the rivers waters of Ogosta river basin come
into I, lll and IV categories

The karst groundwater is very important for the presence of fresh water re-
sources. The bigger karst springs in the region are at the following towns and vil-
lages: Montana (600 dm?3/s), Kobilyak (900 dm3/s), Belilzvor (600 dm3/s), Vratsa
(1,550 dm3/s), Pavolche (2,000 dm3/s) and Lyutadzhik (12,500 dm?3/s).

The mineral water sources at Varshets town with its various chemical contents
of nitric group, high radon contents and temperature of 38°C makes them suitable
for the development of balneology.

-------
-----
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In Ogosta river basin are built more than 180 dams - for irrigation (Ogosta dam
at Montana), water supply (Srechenska Bara dam) and electric power supply (the
dams of Petrohan cascade). The greater portion of these dams has capacity below
10 mil m3, as the bigger dams are Srechenska Bara with capacity varying between
10 and 100 mil m?* and Ogosta dam which capacity exceeds 500 mil m3.
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I1l.4. Pleven rivers flow

11.4.1. Iskar

The River Iskar is Bulgaria’s longest river flowing from its source in the Rila
Mountains, northwardsthrough the centre of the country for 3,639 km, and the
river has an overall catchment area of 8,646 km?.

The River Iskar discharges into the Danube on Bulgaria’s northern boarder. The
average annual volumeof water flowing in the river ranges between 716 million m?
(at Novi Iskar at the top of the Middle Iskargorge) to 1,325 million m? (at the end
of the gorge at the village of Rebarkovo).The Project will not affect the overall
volume of water flowing through the Iskar nor have any impact onthe flow of the
Danube River, to which it is a tributary.

The River Iskar is under the control of the Water Basin Directorate - Danube
Region, part of theBulgarian Ministry of Environment and Water. This Water Basin
Directorate has been involved in adetailed, ongoing review of the EIA and has been
instrumental in developing the conditions associatedwith the permit to develop
the Project.

The underlying solid geology varies from sedimentary rocks such as sandstone
and limestone, to igneous rocks such as schists and basalts. Other than the karsti-
fied limestone, none of these formations are considered to represent a significant
groundwater resource.

The water quality in the Middle Iskar is impacted by contaminants from a
range of sources:

» Treated untreated domestic and industrial wastewater from Sofia. Particu-
larly during times of flood, untreated sewage and wastewater is discharged
directly into the river;

» Untreated wastewater from cities adjacent to the Iskar and from rivers that
drain into the Iskar;

» Industrial wastewater from the Kremikovsti metallurgical plant on the River
Lesnovsk, a tributary of the Iskar which joins upstream of the Iskar Gorge;

» Dumping of waste and litter into the river; and

» Discharges of untreated wastewater from villages along the section of the
river.

Historical studies of the water quality, as well as the baseline surveys under-
taken as part of the EIA, indicate that the water quality of the River Iskar is subject
to “pulses” of contamination associated with high rainfall events. Overall, how-
ever, the water quality in the Iskar River has been steadily improving over the last
twenty years, with the installation of new WWTPs in Sofia and other towns. Prior
to these improvements the river was significantly impacted with limited fish life.



192 Opportunity Study on the Construction of a Hydroelectric power station

There is little data available on the sediment load in the river. Astudy carried out in
1973, calculated that there was 4,750,400 m? of floating sediments and 475,040 m?
of trailing sediments passing through the cascades per year.

rasepesA

Sediments deposited in the Iskar valley have been sampled and analysed for
a range of contaminants to assess the level of impact from the industrial and do-
mestic effluent discharges entering the river. The analysis undertaken indicates
that the sediments contain elevated concentrations of heavy metals, petroleum
products and organic chemicals. The impact of these sediments on water quality
will be managed during the MWPS construction programme.

There is very limited use of river waters in the Middle Iskar. The main source
of irrigation (for domestic vegetable gardens) is drinking water. Drinking water is
sourced from streams and lakes in the surrounding mountains. No groundwater is
reported to be used in the area. The Middle Iskar is used for some recreational ac-
tivities including fishing, and water sports (canoeing, kayaking and rafting).

There is very limited use of river waters in the Middle Iskar. The main source
of irrigation (for domestic vegetable gardens) is drinking water. Drinking water is
sourced from streams and lakes in the surrounding mountains. No groundwater is
reported to be used in the area. The Middle Iskar is used for some recreational ac-
tivities including fishing, and water sports (canoeing, kayaking and rafting).
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111.4.2. Vit

The Vit River begins after the fusion of the BeliVitand TcherniVit Rivers spring-
ing from the Balkan Mountain. In the most upper part of the river theslope reaches
up to 200 0/00 but at Tetetven town the slope is lower - 100/00. The average slope
of theriver is 9.6 0/00, the density of the river network is very small - 0.5 km/km?Z.
The shape of the watershedis oblong (average width - 25 km) with total number of
tributaries only ten. The average altitude isabout 400 m.

The mountain part is covered with forests and pastures. Running down the
river valley enlarges andalong the river stream appears cultivated areas. This char-
acter of the watershed continues till thefusion of the two rivers. Afterwards the Vit
mainstream goes on directly northward in a larger valleywith lower slopes of the
banks till the last sector of the studied subwatershed - the Tarnene village inthe
middle part of the river. The cross sections have trapezoidal shapes and the terri-
tory around theriver consists of pastures, gardens and fields.

The runoff of the Vit River, looking at the annual hydrographs, shows the two
maximums - bigger at the spring (March-May) and secondary usually smaller at the
autumn (October-November). The main reason for the annual maximums are the
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rains often intensive and the contribution of the snow melt in the watershed during
the spring season. The lowest runoff is notices at the end of the summer (August-
September) but some separate increases of the flow and registered peaks can oc-
cur in this period as result of the summer showers. The average water discharge at
the Teteven town is about 4.34 m3/s or 137 million m3 distributed approximately as
spring high flow - 40%, secondary autumn high flow - 40% and the rest part of the
year - 20%. The average water discharge at the Sadovetz town is about 12.14 m3/s
or 380 million m3. The average water discharge at the Tarnene village is 13.00 m3/s
or 410 million m3.

In the Upper Vit watershed there are three monitoring hydrometric gauge
stations at the Teteven Town (BeliVit - open 1938), at the Sadovetz Village (Vit
mainstream - open 1935) and the Tarnene Village (Vit mainstream - open 1935).
For the present investigation daily flows were collected for the period 1991-2006.
The precipitation data for five rain station in the watershed are collected for the
same period - the stations Ribaritza, Teteven, Lessidren, Ugurtchin and Sadovetz

111.4.3. Osam

The Osam river basin includes parts of the Balkan mountains, the foothills and
the DanubianPlain. The Troyanmountains comprise the northern slopes of a part
of the middle Balkanmountains between the Kapudjika (1.521 m) and the Botev
peak (2.376 m). The deeper andsteeper valleys, which run from the ridge of the
Balkan mountains in north-north eastern directionto the river BeliOsam, divide the
northern slope in vertical and horizontal hills. This part of the Balkan mountains is
generally characterised by steep southern slopes and not sosteep northern ones.
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The northern slopes are cut through in some parts by rivers and dividedinto a
multitude of hills in south-south eastern, north- north western and north west- south-
eastern direction. The more important mountain ridges and hills from East to West
are: Grebana,Debelidjal, Dalgidjal, Jidovdjal, Jalnidjal, Osinaka, Prisoeto, Turlata,
Rata,Schipkovski rat and others. In the North of Schipkovski rat to the valley of the
river Kalnik,there are many peaks, ridges and hills, which are connected in different
ways with the Vassiljovskamountains. The most important are Goljamalzhvarlenka
and Malkalzhvarlenka,Ursel, Azmovkamak, Mominskikamak and others.

The Osam river basin covers very fertile, worked areas. In the mountain and
foothill regions,the surface areas are layed out as small fields, many of which
show a complicated relief andgrey forest soils, alluvium and alluvial pasture soils.
A considerable part of the worked surfacearea by the middle course have differ-
ent relief forms and steepness. These are mainlycarbonate containing, typical and
leached out black earth and alluvium and alluvial pasturesoils. The surface areas
by the Osam river mouth are alluvial- and alluvial pasture soils andcarbonate black
earth. The lowlands of Beljane has weathered carbonate containing andtypical
black earth and alluvium and alluvial pasture soils.
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In the river basin are cultivated mainly cereals (wheat and corn). The share of
specialized crops, fodder crops, fruits, vegetables and permanent crops is smaller.
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Chapter IV
Description of technologies used in the construction of
hydroelectric centrals

IV.1. Site configuration

The objective of a hydropower scheme is to convert the potential energy of
a mass of water, flowing in a stream with a certain fall to the turbine (termed the
“head”), into electric energy at the lower end of the scheme, where the power-
house is located. The power output from the scheme is proportional to the flow
and to the head.

Schemes are generally classified according to the “Head”:

» High head: 100-m and above

» Medium head: 30 - 100 m

» Low head: 2 - 30 m

These ranges are not rigid but are merely means of categorizing sites.
Schemes can also be defined as:

» Run-of-river schemes

» Schemes with the powerhouse located at the base of a dam

» Schemes integrated on a canal or in a water supply pipe

IV.1.1. Run-of-river schemes

Run-of-river schemes are where the turbine generates electricity as and when
the water is available and provided by the river. When the river dries up and the
flow falls below some predetermined amount or the minimum technical flow for
the turbine, generation ceases.

Medium and high head schemes use weirs to divert water to the intake, it is
then conveyed to the turbines via a pressure pipe or penstock. Penstocks are ex-
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pensive and consequently this design is usually uneconomic. An alternative (figure
1.1) is to convey the water by a low-slope canal, running alongside the river to the
pressure intake or forebay and then in a short penstock to the turbines. If the to-
pography and morphology of the terrain does not permit the easy layout of a canal
a low pressure pipe, can be an economical option. At the outlet of the turbines,
the water is discharged to the river via a tailrace.

Occasionally a small reservoir, storing enough water to operate only on peak
hours, when prices for electricity are higher, can be created by the weir, or a simi-
larly sized pond can be built in the forebay.

ELEVATION

e Fig.1.1
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Low head schemes are typically built in river valleys. Two technological op-
tions can be selected. Either the water is diverted to a power intake with a short
penstock (figure 1.2), as in the high head schemes, or the head is created by a
small dam, provided with sector gates and an integrated intake (figure 1.3), pow-
erhouse and fish ladder.
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IV.1.2. Schemes with the powerhouse at the base of a dam

A small hydropower scheme cannot afford a large reservoir to operate the
plant when it is most convenient, the cost of a relatively large dam and its hy-
draulic appurtenances would be too high to make it economically viable. But if the
reservoir has already been built for other purposes, such as flood control, irriga-
tion, water abstraction for a big city, recreation area, etc, - it may be possible to
generate electricity using the discharge compatible with its fundamental use or
the ecological flow of the reservoir. The main issue is how to link headwater and
tail water by a waterway and how to fit the turbine in this waterway. If the dam
already has a bottom outlet, see figure 1.4, for a possible solution.

Fig. 1.4

Provided the dam is not too high, a siphon intake can be installed. Integral
siphon intakes (figure 1.5) provide an elegant solution in schemes, generally, with
heads up to 10 metres and for units up to about 1000 kW, although there are ex-
amples of siphon intakes with an installed power up to 11 MW (Sweden) and heads
up to 30.5 meters (USA). The turbine can be located either on top of the dam or
on the downstream side. The unit can be delivered pre-packaged from the works,
and installed without major modifications to the dam.
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Fig 1.5
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Two types of schemes can be designed to exploit irrigation canal:

» The canal is enlarged to accommodate the intake, the power station, the
tailrace and the lateral bypass. Figure 1.6 shows a scheme of this kind, with
a submerged powerhouse equipped with a right angle drive Kaplan turbine.
To safeguard the water supply for irrigation, the scheme should include a
lateral bypass, as in the figure, in case of shutdown of the turbine. This kind
of scheme must be designed at the same time as the canal, as additional
works whilst the canal is in full operation can be a very expensive option

A A

Fig. 1.6

» If the canal already exists, a scheme like the one shown in figure 1.7 is a
suitable option. The canal should be slightly enlarged to include the intake
and the spillway. To reduce the width of the intake to a minimum, an elon-
gated spillway should be installed. From the intake, a penstock running
along the canal brings the water under pressure to the turbine. The water
passes through the turbine and is returned to the river via a short tailrace.

......

IV.1.3. Schemes integrated in a water abstraction system

The drinking water is supplied to a city by conveying the water from a head-
water reservoir via a pressure pipe. Usually in this type of installation, the dissi-
pation of energy at the lower end of the pipe at the entrance to the Water Treat-
ment Plant is achieved through the use of special valves. The fitting of a turbine
at the end of the pipe, to convert this otherwise lost energy to electricity, is an
attractive option, provided that the water hammer phenomenon is avoided. Wa-
ter hammer overpressures are especially critical when the turbine is fitted on an
old pressure pipe.
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= Fig. 1.8

To ensure the water supply at all times, a system of bypass valves should be
installed. In some water supply systems the turbine discharges to an open-air pond.
The control system maintains the level of the pond. In case mechanical shutdown
or turbine failure, the bypass valve system can also maintain the level of the pond.
Occasionally if the main bypass valve is out-of-operation and overpressure occurs,
an ancillary bypass valve is rapidly opened by a counterweight. All the opening
and closing of these valves must be slow enough to keep pressure variations within
acceptable limits. The control system has to be more complex in those systems
where the turbine outlet is subject to the counter-pressure of the network.

IV.2. Planning a small hydropower scheme

The definitive project or scheme comes as the result of a complex and itera-
tive process, where consideration is given to the environmental impact and dif-
ferent technological options. These are then costed and an economic evaluation
carried out.

Although it is not easy to provide a detailed guide on how to evaluate a
scheme, it is possible to describe the fundamental steps to be followed, before
deciding if one should proceed to a detailed feasibility study or not. A list of the
studies that should be undertaken:

» Topography and geomorphology of the site.
» Evaluation of the water resource and its generating potential

» Site selection and basic layout x Hydraulic turbines and generators and
their control

» Environmental impact assessment and mitigation measures
» Economic evaluation of the project and financing potential

» Institutional framework and administrative procedures to attain the neces-
sary consents

The water flowing along natural and man-made canals, conducted by low and
high-pressure pipes, spilling over weir crests and moving the turbines involves the
application of fundamental engineering principles in fluid mechanics. In Chapter 2
those principles are reviewed together with shortcuts arising from the experience
accumulated from centuries of hydraulic systems construction.
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To decide if a scheme will be viable it is necessary to begin by evaluating the
water resource existing at the site. The energy potential of the scheme is propor-
tional to the product of the flow and the head. Except for very low heads, the gross
head can usually be considered as constant, but the flow varies over the year. To
select the most appropriate hydraulic equipment and estimate the sites potential
with calculations of the annual energy output, a flow-duration curve is most use-
ful. A single measurement of instantaneous flow in a stream has little value.

Measuring the gross head requires a topographical survey. The results ob-
tained, by using a surveyor’s level and staff is accurate enough, but the recent ad-
vances in electronic surveying equipment make the topographical surveying work
much simpler and faster. To produce a flow- duration curve on a gauged site is
easier than producing a curve at an ungauged site. This requires a deeper under-
standing of hydrology.

Various methods for measuring the quantity of water flowing in a stream are
analysed and hydrological models to calculate the flow regime at ungauged sites
are discussed.

Techniques such as orthophotography, RES, GIS, geomorphology, geotecton-
ics, etc - used nowadays for site evaluation. Some failures are also analysed and
conclusions about how they might have been avoided are explained. In Chapter 5
the basic layouts are explained and the hydraulic structures, such as weirs, canals,
spillways, intakes and penstocks, studied in detail.

An Environmental Impact Assessment may be required to obtain the necessary
consents to build the scheme and utilize the water available. Although several
recent studies have shown that small hydropower produce no emissions to atmos-
phere, nor do they produce toxic wastes, does not contribute to climatic change,
designers should implement all necessary measures to mitigate local ecological
impacts.

Unfortunately the recent deregulation of much of the electricity industry in
the EU has made it difficult to establish a common procedure to follow. A few years
ago ESHA produced (December 1994) on behalf of the E.C. DGXVII, a report “Small
Hydropower. General Framework for Legislation and Authorisation Procedures in
the European Union”, and though it is not current it still has many valid aspects.
The report can be found in www.esha.be, the ESHA web page. Further important
considerations for the developer to take into account are trading tariffs for green
and base energy and administrative procedures, for grid connection. These depend
on the energy policy and the institutional framework of each country.

IV.3. Water flow in pipes

A body of water will have a potential energy by virtue of its velocity and the
vertical height through which it drops, (as a difference in water levels is what
drives the flow of water), which is known as its .“head.”. This energy is its . “Gravi-
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tational Potential Energy.” which is product of mass, acceleration due to the ef-
fects of gravity and head m.g.h and is generally expressed in Joules (J) The energy
head in the water flowing in a closed conduit of circular cross section, under a
certain pressure, is given by Bernoulli’s equation:
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For an open channel, the same equation applies, but with the term P1/
yreplaced by d1, the water depth.

If water is allowed to flow very slowly in a long, straight, glass pipe of small
bore into which a fine stream of coloured water is introduced at the entrance to
the pipe, the coloured water would appear as a straight line all along the pipe.
This effect is known as laminar flow. The water flows in lamina (layers), like a se-
ries of thin walled concentric pipes. The outer virtual pipe adheres to the wall of
the real pipe, while each of the inner ones moves at a slightly higher speed, which
reaches a maximum value near the centre of the pipe. The velocity distribution has
the form of a parabola and the average velocity (figure 2.1) is 50% of the maximum
centre line velocity.
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If the flow rate is gradually increased, a point is reached when the lamina
flow suddenly breaks up and mixes with the surrounding water. The particles close
to the wall mix up with the ones in the midstream, moving at a higher speed, and
slow them. At that moment the flow becomes turbulent, and the velocity distribu-
tion curve is much flatter. Experiments carried out by Osborne Reynolds, near the
end of the 19th century, found that the transition from laminar flow to turbulent
flow depends, not only on the velocity, but also on the pipe diameter and on the
viscosity of the fluid, and is a ratio of the inertia force to the viscous force. This
ratio, is known the Reynolds number and can be expressed, in the case of a circular
pipe.

From experimentation it has been found that for flows in circular pipes the
critical Reynolds number is about 2000. In fact this transition does not always hap-
pen at exactly Re=2000 but varies with the conditions. Therefore there is more
than a transition point, what exists is a transition range.
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IV.3.1. Transient flow

In steady flows where the discharge is assumed to remain constant with time,
the operating pressure at any point along a penstock is equivalent to the head of
water above that point. If a sudden change of flow occurs, for instance when the
plant operator, or the governor system, open or close the gates too rapidly, the
sudden change in the water velocity can cause dangerous high and low pressures.
This pressure wave is known as water hammer, or surge, and its effects can be
dramatic. The penstock can burst from overpressure or collapse if the pressures
are reduced below atmospheric. Although being transitionary the surge pressure
induced by the .“water hammer phenomenon.” can be of a magnitude several
times greater than the static pressure due to the head. According to Newton’s sec-
ond law of motion, the force developed in the penstock, by the sudden change in
velocity, will be:

dt

If the velocity of the water column could be reduced to zero the resulting
force would become infinite. Fortunately this is not possible in practice; a mechan-
ical valve requires some time for total closure and the pipe walls are not perfectly
rigid and the water column under large pressures is not incompressible.

The following description, illustrates how a velocity change, caused by an
instantaneous closure of a gate, or valve, at the end of a pipe creates a pressure
wave that travels the length of the pipe. Initially, water flows at a velocity (Vo)
as shown in (a). When the gate is closed, the water flowing within the pipe has
a tendency to continue flowing due to its momentum. Because this momentum is
physically stopped by the gate closing, it .“piles up.” behind it, the kinetic energy
of the element of water nearest the gate is converted to pressure energy, which
slightly compresses the water and expands the circumference of the pipe at this
point (b). This action is repeated by the following elements of water (c), and the
wave front of increased pressure travels the length of the pipe until the velocity
of the water Vo is destroyed, the water is compressed, and the pipe is expanded
over its entire length (d). At this point, the water’s kinetic energy has all been
converted to strain energy (under increased compression) and strain energy of the
pipe (under increased tension).

Because the water in the reservoir remains under normal static pressure but
the water in the pipe is now under a higher pressure, the flow reverses and is forced
back into the reservoir again with velocity Vo(e). As the water under compression
starts flowing back, the pressure in the pipe is reduced to normal static pressure.
A pressure .“unloading.” wave then travels down the pipe toward the gate (f)
until all the strain energy is converted back into kinetic energy (g). However, un-
like case (a), the water is now flowing in the opposite direction and because of its
momentum the water again tries to maintain this velocity. In so doing, it stretches
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the element of water nearest the gate, reducing the pressure there and contract-
ing the pipe (h). This happens with successive elements of water and a negative
pressure wave propagates back to the reservoir (i) until the entire pipe is under
compression and water under reduced pressure (j). This negative pressure wave
would have the same absolute magnitude as the initial positive pressure wave if it
were assumed that friction losses do not exist. The velocity then returns to zero
but the lower pressure in the pipe compared to that in the reservoir forces water
to flow back into the pipe (k). The pressure surge travels back toward the gate (e)
until the entire cycle is complete and a second cycle commences (b). The velocity
with which the pressure front moves is a function of the speed of sound in water
modified by the elastic characteristics of the pipe material. In reality, the penstock
pipe is usually inclined but the effect remains the same, with the surge pressure
at each point along the pipe adding to or subtracting from the static pressure at
that point. Also, the damping effect of friction within the pipe causes the kinetic
energy of the flow to dissipate gradually and the amplitude of the pressure oscil-
lations to decrease with time. Although some valves close almost instantaneously,
closure usually takes at least several seconds. Still, if the valve is closed before the
initial pressure surge returns to the gate end of the pipeline (g), the pressure peak
will remain unchanged - all the kinetic energy contained in the water near the gate
will eventually be converted to strain energy and result in the same peak pressure
as if the gate were closed instantaneously. However, if the gate has been closed
only partially, by the time the initial pressure surge returns to the gate (g), not all
the kinetic energy will have been converted to strain energy and the pressure peak
will be lower. If the gate then continues closing, the positive pressure surge, which
it would then create, will be reduced somewhat by the negative pressure (h) surge
which originated when the gate originally began closing. Consequently, if the gate
opens or closes in more time than that required for the pressure surge to travel to
the reservoir and back to the gate, peak surge pressures are reduced.

The wave velocity or speed of sound, in water is approximately 1420 m/s.
However, the wave velocity in a pipe - the speed with which the pressure surge
travels along the pipe - is a function of both the elastic characteristics of water
and the pipe material.

V can be assumed equal to the initial flow velocity VO. However, if t is greater
than Tc, then the pressure wave reaches the valve before the valve is completely
closed, and the overpressure will not develop fully, because the reflected negative
wave arriving at the valve will compensate for the pressure rise.

IV.3.2. Water flow in open channels

In closed pipes the water fills the entire pipe, in an open canal there is always
a free surface. Normally, the free water surface is subject to the atmospheric pres-
sure, commonly referred to as the zero pressure reference, and usually considered
as constant along the full length of the canal. In a way this fact, by dropping the
pressure term, facilitates the analysis, but at the same time introduces a new
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dilemma. The depth of water changes with the flow conditions, and in unsteady
flows its estimation is a part of the problem. Any kind of canal, even a straight one,
has a three-dimensional distribution of velocities. A well-established principle in
fluid mechanics is that any particle in contact with a solid stationary border has a
zero velocity. Figure 2.10 illustrates the iso-velocity lines in channels of different
profile. The mathematical approach is based on the theory of the boundary layer;
the engineering approach is to deal with the average velocity V.

A channel flow is considered steady when the depth at any section of the
stretch does not change with time, and unsteady if it changes with time. An open
channel flow is said to be uniform if the discharge and the water depth at every
section of a channel length does not change with time. Accordingly, it is said to be
varied whenever the discharge and/or the water depth changes along its length.
Non uniform flow is a rare occurrence, and with uniform flow, steady uniform flow
is understood to occur. Steady variable flow is often stated as gradual or rapid.

7

Inangular  channel frapezoidal  channel

shallow ditch natural watercourse

Fig. 2.2

IV.4. Steam flow

All hydroelectric generation depends on falling water. This makes hydropower
extremely site dependent. First of all, a sufficient and dependable stream flow
is required. Secondly, the topographic conditions of the site must allow for the
gradual descent of the river in a river stretch be concentrated to one point giving
sufficient head for power generation. This head can be created by dams or by lead-
ing the water in parallel to the river in a waterway with low head losses compared
to the natural stream, or very often, by a combination of both. Planning for the
exploitation of a river stretch or a specific site is one of the more challenging tasks
that face a hydropower engineer, since there are an unlimited number of practical
ways in which a river or site can be exploited.

The hydropower engineer has to find the optimum solution for plant configu-
ration, including dam type, water conveyance system, installed generating capac-
ity, location of various structures etc. The success of the hydropower engineer
depends on experience and an almost .“artistic.” talent, since a strictly math-
ematical optimisation approach is impossible, due to the number of possibilities
and site- specific conditions.

When a site has been identified as topographically suitable for hydropower,
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the first task is to investigate the availability of an adequate water supply. For an
ungauged watercourse, where observations of discharge over a long period are
not available, it involves the science of hydrology, the study of rainfall and stream
flow, the measurement of drainage basins, catchment areas, evapotranspiration
and surface geology.
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The figure illustrates how the water flowing from point A to point B, with el-
evations ZA and ZB, loses potential energy corresponding to the drop in elevation.
This loss of potential energy occurs regardless of the path along the watercourse
or via an open canal, penstock and turbine. The potential energy lost can be con-
verted to power lost according to the equation:

P= Q-Hg-'ﬁ{

The water can follow the riverbed, losing power through friction and turbu-
lence resulting in a marginal rise in the temperature of the water. Or it can flow
from A to B through an artificial conveyance system with a turbine at its lower end.
In this case the power will be used mainly for running a turbine, and a smaller part
of the power is lost in friction in the conveyance system. In the latter case it is
the power lost in pushing through the turbine that will be converted to mechanical
energy and then, by rotating the generator, to produce electricity.

The objective is to reduce construction costs while conserving the maximum
amount of power available to rotate the generator. To estimate the water poten-
tial one needs to know the variation of the discharge throughout the year and how
large the gross available head is. In the best circumstances the hydrologic authori-
ties would have installed a gauging station in the stretch of stream under consid-
eration, and stream flow time series data would have been gathered regularly over
several years.

Unfortunately, it is rather unusual for regular gauging to have been carried
out in the stretch of river where the development of a small hydro scheme is pro-
posed. If, however, it does happen, then it will suffice to make use of one of sev-
eral approaches that can be used to estimate the long-term average annual flow
and the flow duration curve for the stretch in question (these approaches will be
explained later).

Whether or not regular gauging has taken place, the first step is to do some
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research, to ascertain if there are stream flow records for the stretch of river in
question. If not, then in other stretches of the same river or a similar nearby river
that permits the reconstitution of the time series for the referred stretch of river.

IV.4.1. Estimation of plant capacity and energy output

The FDC provides a means of selecting the right design discharge, and by
taking into account the reserved flow and the minimum technical turbine flow, an
estimate of the plant capacity and the average annual energy output. Figure 3.12
illustrates the FDC of the site it is intended to evaluate. The design flow has to
be identified through an optimisation process, studying a range of different flows,
which normally gives an optimum design flow significantly larger than the differ-
ence between the mean annual flow and the reserved flow. Once the design flow is
defined and the net head estimated, a suitable type of turbine must be identified
(refer chapter 6). Figure 3.12 shows the useable region of the flow duration curve.
Every selected turbine has a minimum technical flow (with a lower discharge the
turbine either cannot operate or has a very low efficiency) and its efficiency is a
function of the operating discharge.
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The figure above illustrates the FDC of the site it is intended to evaluate. The
design flow has to be identified through an optimization process, studying a range
of different flows, which normally gives an optimum design flow significantly larger
than the difference between the mean annual flow and the reserved flow. Once
the design flow is defined and the net head estimated, a suitable type of turbine
must be identified.

The figure above shows the useable region of the flow duration curve. Every
selected turbine has a minimum technical flow (with a lower discharge the turbine
either cannot operate or has a very low efficiency) and its efficiency is a function
of the operating discharge.

The average annual energy production (E in kWh) is a function of:
E=tm (Qmedian_, Hu_, TNturbiner T gearbox, Ntransformer, Y, ].'l)
Where:
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» Q. .= flow in m*/s for incremental steps on the flow duration curve
» H = specified net head

» K.~ turbine efficiency, a function of Qmedian
b K enerator= 8€NETator efficiency

P K earbox™ gearbox efficiency

P K. . rormer= transformer efficiency

» y = specific weight of the water (9.81 KN/m3)
» h = number of hours for which the specified flow occurs.

The energy production can be calculated by dividing the useable area into
vertical 5% incremental strips starting from the origin. The final strip will intersect
the FDCat Q. . Q... Which ever is larger. For each strip Q__.. is calculated, the
corresponding ht .. value is defined for the corresponding efficiency curve, and
the energy contribution of the strip is calculated using the equation:

E=Wx chdian Xx Hx Cturbine X Cgenerator X Cgearbox X Ctransformer X Oxh

Where:

» W = strip width = 0.05 for all strips except the last one that should be cal-
culated

» h = number of hours in a year
» y = specific weight of the water (9.81 KN/m?3)

The average annual energy production is then the sum of the energy contribu-
tion for each strip. The capacity of each turbine (kW) will be given by the prod-
uct of their design flow (m3/s), net head (m), turbine efficiency (%), and specific
weight of the water (kNm?3).

Turbine type Qmin(% of Qdesign)
Francis 50
Semi Kaplan 30
Kaplan 15
Pelton 10
Turgo 20
Propeller 75

The upstream water level may vary with flow. If the intake pond is con-
trolled by an overflow weir without any gates, the water level will rise with the
flow. However, if the intake pond is controlled by gates in order to operate at a
specified reservoir level, the water level may remain constant even during high
flow periods. During low flow periods, the upstream water level may also be lower
due to draw down of the reservoir.

The head losses in the adduction system varies with the square of the ad-
mitted flow, and thus for low flow seasons with low turbine flow the head loss in
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the adduction system can be substantially reduced.

The downstream water level may vary with the flow. This depends on the
water body into which the water is discharged. If discharging directly into a head-
water pond controlled by gates in a downstream development, the water levels
may remain almost constant even for higher flows. If the water is discharged into
a natural stream, the water levels again may vary considerably.

Headwater level is normally kept at spillway crest level when all the river
discharge passes through the turbines. When the river discharge exceeds maxi-
mum turbine discharge, excess flow will pass over the spillway. The reservoir
level corresponding to different spillway flows can easily be calculated. In this
case measuring the head on the spillway crest we have at the same time the level
of the intake water surface and the river discharge (including the discharge from
the turbines).

IV.5. Site evaluation

The gross head may be rapidly estimated, either by field surveying or by us-
ing a GPS (Global Positioning System) or by orthophotographic techniques. With
the aid of the engineering hydraulic principles outlined in Chapter 2 the net head
can be determined. Nevertheless, the selection of the most appropriate technical
solution for the site will be the result of a lengthy, iterative process, where the
topography and the environmental issues for a particular site, are most important.
That is why a thorough knowledge of the principles is needed to avoid dangerous
failures in the operation of the plant. Surveying technologies are undergoing a rev-
olutionary change, and the use of the technologies mentioned above may greatly
assist in scheme design and reduce its cost.

IV.5.1. Cartography

In industrialised countries, scaled maps are usually available. The E.U. terri-
tory has been or is being digitised, and cartography at scale as large as 1:5 000 is
already available. On the other hand, in the developing countries, the developer
will be fortunate if he can find maps at 1:25 000.

Aerial photographs of topography can be substituted for maps if they cannot
be found at the required scale. However aerial photographs are unlike maps in one
important respect. A map has a uniform or controlled variable scale, the latter
being dependent on the choice of map projection. The aerial photograph, on the
other hand, does not have a constant or uniformly changing scale. Aside from lens
imperfections, which for all practical purposes can be considered negligible, two
major factors are responsible for variations in the scale of a photograph:

» The topographical relief - land, no matter how flat, is never horizontal -
and...
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» The tilt of the optical axis of the camera.

Modern cameras are able to remove distortion, resulting from their axial tilt.
Furthermore aerial photographs can be viewed stereoscopically or in three dimen-
sions. The stereoscopic effect enables the geologist to identify rock types, deter-
mine geologic structures, and detect slope instability and the engineer is able to
gather data necessary for a dam, open channels and penstock construction.

Depending on the required accuracy, the digitised photographs can be geo-
coded (tied to a co-ordinate system and map projection) and orthorectified. Dis-
tortion from the camera lens is removed by using ground control points from maps,
survey data or clients GPS vectors. This is a very cost-effective way to orthorectify
aerial photographs. Resolutions of 30 cm to one metre can be expected with digital
orthophotos. Both hard copy and digital orthophotos in diskettes, or CDROM can
be produced.

With these maps it is possible to locate the intake, trace the open channel
and penstock and locate the powerhouse, with precision enough for the feasibility
studies and even for the contractors to engage in the bidding phase for construc-
tion.

With stereoscopic photographs geologic problems can often be spotted, espe-
cially those concerning slope stability that can cause dangerous situations.

IV.5.2. Geochemical Studies

Very often, the need to proceed with detailed geological studies of a site, are
underestimated. In many cases with regrettable consequences - seepage under the
weir, open channel slides etc.

Fortunately in the E.U. member states and in many other countries all over
the world, good geological maps permit initial estimates, for the security of the
dam foundations, the stability of the slopes and the permeability of the terrain.
However sometimes this information, should be complemented, with fieldwork
particularly, drilling and sampling.

Hydraulic structures should be founded on level foundations, with adequate
side slopes and widths, not subject to stability problems. There are a good nhum-
ber of slope stability computer programs, ranging from a simple two-dimensional
approach to the sophisticated three-dimensional full colour graphic analysis. The
catalogue of failures, especially in channel design is so large that a minimum geo-
morphologic study of the terrain should be recommended in the first phase of the
project. The problem is especially acute in high mountain schemes, where the
construction may be in a weathered surface zone, affected by different geomor-
phologic features such as soil creep, solifluction, rotational and planar soil slides
and rock falls.

The weir and its corresponding reservoir can be affected by the instability of
the superficial formations that can be present within its zone of influence, but at
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the same time the pond itself can affect these same formations. If the weir has
to be founded on unconsolidated ground the variation of water level can generate
instability on the reservoir’s wetted slopes.

Along the open channel many geomorphologic features can adversely affect
its selected line, which, together with a steep slope of the terrain, may lead to
potential instability. Colluvial formations, a product of the surface mechanical
weathering of the rock masses, and solifluction processes, are very active in high
mountain environments where the subsoil is seasonally or perennially wet - these
are some of the features that can compromise channel stability.

Drainage treatments, bench constructions and gunnite treatments, among
many others, may be recommended. At the end of the canal, the forebay acts as
a mini-reservoir for the penstock. Frequently, authorities require that all the wa-
ter retaining embankment sections undergo stability analysis regardless of their
configuration. The layout of the penstock, usually placed on a steep slope, poses
problems both for its anchoring blocks and visual impact.

Deep in the valley, frequently built on an old river terrace, the powerhouse
foundation poses problems that many times only can be solved by using techniques
as up today as the jet grouting.

In geological science, there is a wide spectrum of geomorphologic techniques
that can be used including the most common ones:

» Photogeology. As mentioned above photogrammetry - at scales from 1:10
000 to 1:5 000 - allows the geologist to identify rock types, determine geo-
logic structures, and detect slope instability.

» Geomorphologic maps. The result of photogrammetric analysis comple-
mented with the results of the field survey must be combined on a Geo-
morphologic Map. This map is based on a topographic one and is drawn at
a scale between 1:10 000 and 1:5 000, duly classified using simple symbols,
should show all the surface formations affecting the proposed hydraulic
structures

» Laboratory analysis. Traditional laboratory tests such as soil grading and
classification, and triaxial consolidation facilitate the surface formation
classification. The results should be included in the geomorphic map

» Geophysical studies. A geophysical investigation either electrical or seismic
(by refraction) will contribute to a better knowledge of the superficial forma-
tion thickness, the location of the landslide sections, the internal water cir-
culation, and the volumetric importance of potentially unstable formations

» Structural geological analysis. Although not a proper geomorphologic tech-
nology can help to solve problems in the catchment area and in those cases
where hydraulic conduits must be tunnels in rock massifs. The stability of
the rock and seepage in the foundation of hydraulic structures are prob-
lems that can be solved by this methodology, avoiding dramatic incidents
during the operation
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» Direct investigations - Borehole drilling. This is uncommon for small hydro
scheme development. However when the dam or weir has to be founded in
unconsolidated strata, a drilling program, followed by laboratory tests on
the samples extracted is essential. Some of these recommended tests are:

= Permeability tests in boreholes, such as Lugeon or Low Pressure Test,
to define the water circulation in the foundation

= Laboratory tests to determine the compressive strength of the sam-
ples to define their characteristics.

Complementing the above tests a geophysical refraction seismic essay to de-
fine the modulus of dynamic deformation of the rock massif in depth can be recom-
mended in the case of high dams.

IV.6. Hydraulic Structure

A hydropower development includes a number of structures, the design of
which will be dependant upon the type of scheme, local conditions, access to con-
struction material and also local building traditions in the country or region. The
following structures are common in a hydro scheme:

» Diversion structure
= Dam
= Spillway
= Energy dissipation arrangement
= Fish pass
= Residual flow arrangements
» Water conveyance system
= Intake
= Canals
= Tunnels
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= Penstocks
= Power house
Design aspects and common solutions for these structures are presented below.

1V.6.1. Dam

IV.6.1.1. Dam

Dams and weirs are primarily intended to divert the river flow into the water
conveyance system leading to the powerhouse. Dams also produce additional head
and provide storage capacity. The choice of dam type depends largely on local
topographical and geotechnical conditions. For instance if sound rock is not avail-
able within reasonable excavation depth, rigid structures such, as concrete dams
are difficult. Conversely, for narrow valleys, it can be difficult to find space for
separate spillways, and concrete dams can be the natural choice with their inher-
ent possibilities to integrate spillways etc in the dam body.

In the Nordic countries the ice age has left us with wide and open valleys and
moraine material in abundance. Not surprisingly the vast majority of dams are
embankment dams with a central core of moraine. South of the Alps natural clays
suitable for dam core are not in abundance and the topography in many locations
favour concrete dams.

According to the ICOLD (International Committee of Large Dams), a dam is
considered “small” when its height, measured from its foundation level to the
crest, does not exceed 15 m, the crest length is less than 500 m and the stored
water is less than 1 million cubic meters. These parameters can be important,
because of the complicated administrative procedures often associated with the
construction of large dams.

World wide, embankment dams are the more common partly due to the fol-
lowing characteristics, which they possess:

» Can be adapted to a wide range of foundation conditions

» Construction uses natural materials, which can often be found locally, lim-
iting needs for long transportation

» The construction process can be continuous and highly mechanized
» The design is extremely flexible in accommodating different fill materials.

Disadvantages with embankment dams are that they are sensitive to overtop-
ping and leakage, and erosion in the dam body and its foundation. There is a higher
mortality rate among embankment dams as compared to concrete dams.

Concrete dams on the other hand have drawbacks that correspond to the pros
of the embankment dams:

» Require certain conditions with respect to the foundations
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» Require processing of natural materials for aggregate at the site, hauling
of large quantities of cement and has a labour intensive and discontinuous
construction process, leading to large unit costs.

» On the other hand concrete dams have several advantages:

» They are suitable for most ranges of topography that is for wide and narrow
valleys, provided that foundation conditions are right

» They are not very sensitive to overtopping

» Aspillway can be placed at the crest, and if required over the entire length
of the dam

» Chambers or galleries for drainage, tubing and ancillary works can readily
be housed within the dam body

» Powerhouses can be placed right at the toe of the dam.

The development of the Concrete Faced Rockfill Dam (CFRD) neutralizes many
of the drawbacks with core-type embankments. In particular, sensitivity to leakage
and erosion is reduced, and dependence of good core material is removed.

The development of the Roller Compacted Concrete Dams (RCC-dams) intro-
duces a continuous, highly mechanised construction process and low unit costs.
New large dams are almost always CFRD and RCC designs.

Homogeneous dams: These dams are used for low embankments (<4m) and
often as secondary dams. For dam safety reasons, some type of drainage is almost
always provided.

Zoned embankment dams: These are used for dam heights from 4m and up.
Constructions are extremely sensitive to the engineering design and construction,
and it is therefore vital to engage highly skilled consultants and contractors re-
quire experienced site-supervision engineers. Critical components of these dams
are the core, the transition zones (filters) surrounding the core and drainage ca-
pacity of the dam toe.

Embankments dams with membrane: The membranes can be of different
types and be located either at the upstream front of the embankment or vertically
in the centre of the embankment. Membranes can be made from concrete (as in
the CFRD), asphalt (Norwegian type) or in the form of a geomembrane on the up-
stream slope.

Gravity dams: These are dependent on their own mass for stability. Their
cross-section is basically triangular in order to provide adequate stability and stress
distribution across the foundation plane. The upper part is normally rectangular in
order to provide adequate crest width for installation and transportation.

Buttress dams: These dams consist of a continuous upstream face that is sup-
ported by buttresses at regular intervals. The upstream face is normally divided
into vertical sections by dilatation joints, each section being supported by a but-
tress. Cross-sections are similar to those of gravitation dams.

Arch and Cupola dams: These dams function structurally as horizontally laid
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out arches that transfer the water pressure on the upstream face into the abut-
ments rather than into the foundation. Arch dams can be designed with a constant
radius over the dam height, or with varying radii (Cupola dams). Arch dams with a
constant radius have a vertical and .“straight.” cross-section. These dams will be
subject to considerable vertical strain forces since the deformation of the dam will
tend to be greatest in the vertical centre of the dam. This requires that the dam
be heavily reinforced to avoid cracking with accompanying leakage.

IV.6.1.2. Spillway

A dam failure can have severe effects downstream of the dam. During the
lifetime of a dam different flow conditions will be experienced and a dam must be
able to safely accommodate high floods that can exceed normal flow conditions in
the river by orders of magnitude. For this reason carefully designed overflow pas-
sages are incorporated in dams or weirs as part of the structure. These passages
are known as spillways. Due to the high velocities of the spilling water, some form
of energy dissipation is usually provided at the base of the spillway.

The large majority of small hydro schemes are of the run-of-river type, where
electricity is generated from discharges larger than the minimum required to op-
erate the turbine. In these schemes a low diversion structure is built on the stre-
ambed to divert the required flow whilst the rest of the water continues to flow
over it. Such a structure is commonly known as a weir, whose role is not to store
the water but to increase the level of the water surface so the flow can enter into
the intake.

Weirs and spillways can be subdivided into fixed and mobile structures. Small-
er fixed structures are generally referred to as weirs, whereas larger structures are
often referred to as spillways. Spillways are often divided into ungated and gated
spillways, corresponding to fixed and mobile structures, the ungated spillway in
fact being a large-scale weir.
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Fixed storage structures, such as weirs and ungated spillways have the advan-
tage of security, simplicity, easy maintenance, and are cost effective. However,
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they cannot regulate the water level and thus both the water level and energy
production fluctuates as a function of discharge.

Mobile storage structures such as gated spillways can regulate the water level
such that it stays more or less constant for most incoming flow conditions. Depend-
ing on gate configuration and discharge capacity they may also be able to flush ac-
cumulated sediment downstream. These structures are generally more expensive
than fixed structures, for both construction and maintenance, and their function-
ing is more complicated.

Weirs can be constructed perpendicular, angular or lateral compared to the
river axis. Most often the weir crest is rectilinear and perpendicular to the river
axis. For relatively low downstream water levels, the weir controls the flow and
defines the relationship between the upstream water level and the discharge. As a
function of the type of weir, different discharge relationships are obtained

The sharp-crested weir is easy to construct and relatively cost-effective. Its
discharge is defined by means of a coefficient Cd. Special attention has to be paid
to the shape of the downstream face of the upper part of the weir in order to ob-
tain sufficient aeration between the lower nappe (sheet of water that flows over
the weir) of the jet and the structure. If the lower nappe of the jet sticks to the
structure, vibrations may be transferred from the flow to the structure.

The broad-crested weir is often applied for temporary structures or for struc-
tures of secondary importance, such as in case of temporary flow diversion. Its
design is simple and cost-effective. The hydraulic conditions are far from opti-
mal, expressed by a low discharge coefficient and the presence of under-pressures
along the weir crest and downstream face. The discharge depends on the form of
the structure.

Flashboards raise the water level slightly behind the weir to ensure adequate
depth of water at the intake, without endangering the flooding of the upstream
terrain, flashboards may be installed on the crest of the weir. The flashboards are
commonly made of wood and supported by steel pins embedded in steel sockets
(pipes cut down to size) in the spillway crest. The flashboards have to be removed
by hand during flood flows so that high water levels do not flood the upstream
terrain, an operation that in such circumstances is very difficult. The articulated
flashboard is somewhat easier to remove.
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Inflatable weirs are another method, capable of remote control, is the inflat-
able weir, which employs a reinforced rubber bladder instead of concrete, steel or
wood flashboards.
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This offers an alternative to more conventional methods of weir construction,
with the inherent advantages of low inital cost, simple operation and minimal
maintenance. In effect, inflatable weirs are flexible gates in the form of a rein-
forced, sheet-rubber bladder inflated by air or water, anchored to a concrete foun-
dation (Figure 5.11) by anchor bolts embedded into the foundation. Like any other
gate, the inflatable weir needs a mechanism by which it is opened and closed. The
weir is raised when filled with water or air under pressure. An air compressor or a
water pump is connected, via a pipe, to the rubber bladder. When the bladder is
filled the gate is raised; when it is deflated the weir lies flat on its foundation, in
a fully opened position. The system becomes economic when the width of the weir
is large in relation to the height.

Fusegates- In large installations, but also sometimes in small ones, it is advis-
able to place fusegates, such as those supplied by Hydroplus2. In the event of a
major flood, when the water reaches a pre-set level, one or more of the fusegates
(basically hinged structures) will tilt to increase the section of the spillway

Siphon spillways- Alternatively where space available for the spillway is lim-
ited, a siphon spillway or a shaft spillway may be used. Both solutions help to
keep the upstream water level within narrow limits. A siphon spillway is basically
a curved enclosed duct (Figure 5.12). When the water level rises above the elbow
of the siphon, water begins to flow down the conduit just as in an overflow, but it
is when it rises further that the siphon is primed and increases the discharge con-
siderably. Usually siphons are primed when the water level reaches or passes the
level of the crown, but there are designs where priming occurs when the upstream
level has risen only to about one third of the throat height.

vacuum breaker

siphon crest

siphon spillway
figure 5.10 |
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Shaft (or Morning glory) spillways - Shaft spillways are rarely used in small
scale-hydro. As illustrated in Figure 5.13, a shaft spillway incorporates a funnel-
shaped inlet to increase the length of the crest, a flared transition which con-
forms to the shape of the nappe as in the overflow spillway though it is sometimes
stepped to ensure aeration, a vertical shaft and an outlet tunnel that sometimes
has a slight positive slope to ensure that at the end it never flows full. The US Bu-
reau of Reclamation reports (USBR) 6 and 7 describe the design principles for these
spillways.

shaft spillway into a canal

Labyrinth weir - In some small hydropower schemes (e.g. small schemes in
an irrigation canal) there is not enough space to locate a conventional spillway. In
these cases, U shaped or labyrinth weirs should help to obtain a higher discharge
in the available length.

IV.6.1.3. Energy dissipation arrangement

The discharge from the aforementioned fixed or mobile structures is usually
supercritical at the outlet. The corresponding high flow velocities and turbulence
may produce severe erosion at the toe of the structure, especially if the riverbed
is not erosion resistant, such as for example in the case of silt, clay, loose sand,
gravel or even fractured rock.

To avoid such damage, several structural solutions may be applied, some of
them being very costly. The most often used solutions are:

» Stilling basin

» Baffled apron drop
» Plunge pool

» Chute cascades

Most of these structures dissipate the flow energy by the formation of a hy-
draulic jump, which dissipates a lot of energy over a relatively short distance. The
design and construction of energy dissipating structures is quite complex and vast
and the reader is encouraged to contact specialized engineers. More detailed in-
formation can be found for example in Vischer& Hager (1995).

In RCC-dams the stepped chute downstream of the spillway has proven ef-
fective in reducing flow velocities and reducing the dimensions of the subsequent
stilling basin.
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IV.6.2. Penstocks

Conveying water from the intake to the powerhouse (this is the purpose of a
penstock) may not appear a difficult task. However deciding the most economical
arrangement for a penstock is not so simple. Penstocks can be installed over or
under the ground, depending on factors such as the nature of the ground itself,
the penstock material, the ambient temperatures and the environmental require-
ments.

support
block

A flexible and small diameter PVC penstock for instance, can be laid on the
ground, following its outline with sand and gravel surrounding the pipe to provide
good insulation. Small pipes installed in this way do not need anchor blocks and
expansion joints.

Larger penstocks are usually buried, as long as there is only a minimum of
rock excavation required. Buried penstocks must be carefully painted and wrapped
to protect the exterior from corrosion, but provided the protective coating is not
damaged when installed, further maintenance should be minimal. From the en-
vironmental point of view the solution is optimal because the ground can be re-
turned to its original condition, and the penstock does not constitute a barrier to
the movement of wildlife.

A penstock installed above ground can be designed with or without expansion
joints. Variations in temperature are especially important if the turbine does not
function continuously, or when the penstock is dewatered for repair, resulting in
thermal expansion or contraction. Usually the penstock is built in straight or nearly
straight lines, with concrete anchor blocks at each bend and with an expansion
joint between each set of anchors (Figure 5.31). The anchor blocks must resist the
thrust of the penstock plus the frictional forces caused by its expansion and con-
traction, so when possible they should be founded on rock.

If, due to the nature of the ground, the anchor blocks require large volumes of
concrete, thus becoming rather expensive, an alternative solution is to eliminate
every second anchor block and all the expansion joints, leaving the bends free to
move slightly. In this case it is desirable to lay the straight sections of the penstock
in steel saddles, made to fit the contour of the pipe and generally covering 120
degrees of the invert. The saddles can be made from steel plates and shapes, with
graphite asbestos sheet packing placed between saddle and pipe to reduce friction
forces. The movement can be accommodated with expansion joints, or by design-
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ing the pipe layout with bends free to move.

If a pipeline system using spigot and socket joints with O-ring gaskets is cho-
sen, then expansion and contraction is accommodated in the joints.

Today there is a wide choice of materials for penstocks. For the larger heads
and diameters, fabricated welded steel is probably the best option. Nevertheless
spiral machine-welded steel pipes should be considered, due to their lower price,
if they are available in the required sizes. For high heads, steel or ductile iron
pipes are preferred, but at medium and low heads steel becomes less competitive,
because the internal and external corrosion protection layers do not decrease with
the wall thickness and because there is a minimum wall thickness for the pipe.

For smaller diameters, there is a choice between: manufactured steel pipe,
supplied with spigot and socket joints and rubber “O” gaskets, which eliminates
field welding, or with welded-on flanges, bolted on site (Figure 5.33); plain spun
or pre-stressed concrete; ductile iron spigot and socket pipes with gaskets; ce-
ment-asbestos; glass-reinforced plastic (GRP); and PVC or polyethylene (PE) plas-
tic pipes. Plastic pipe PE14 is a very attractive solution for medium heads (a PVC
pipe of 0.4 m diameter can be used up to a maximum head of 200 meters) because
it is often cheaper, lighter and more easily handled than steel and does not need
protection against corrosion. PVC15 pipes are easy to install because of the spigot
and socket joints provided with “O” ring gaskets. PVC pipes are usually installed
underground with a minimum cover of one metre. Due to their low resistance to UV
radiation they cannot be used on the surface unless painted, coated or wrapped.
The minimum radius of curvature of a PVC pipe is relatively large (100 times the
pipe diameter).- and its coefficient of thermal expansion is five times higher than
that for steel. They are also rather brittle and unsuited to rocky ground.

Pipes of PE16 .- (high molecular weight polyethylene) can be laid on top of the
ground and can accommodate bends of 20-40 times the pipe diameter (for sharper
bends, special factory fittings are required). PE pipe floats on water and can be
dragged by cable in long sections but must be joined in the field by fusion welding,
requiring a special machine. PE pipes can withstand pipeline freeze- up without
damage, may be not available in sizes over 300 mm diameter.

Concrete penstocks, both pre-stressed with high tensile wires or steel re-
inforced, featuring an interior steel jacket to prevent leaks, and furnished with
rubber gasket spigot and socket joints constitute another solution. Unfortunately
their heavy weight makes transportation and handling costly, but they are not af-
fected by corrosion.

In developing countries, pressure creosoted wood-stave, steel-banded pipe is
an alternative that can be used in diameters up to 5.5 metres and heads of up to
50 metres (which may be increased up to 120 meters for a diameter of 1.5 metres).
The advantages include flexibility to conform to ground settlement, ease of laying
on the ground with almost no grade preparation, no requirement for expansion
joints and no necessity for concrete supports or corrosion protection. Wood-stave
pipe is assembled from individual staves and steel bands or hoops that allow it to
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be easily transported even over difficult terrain. Disadvantages include leakage,
particularly in the filling operations, the need to keep the pipe full of water when
repairing the turbine, and considerable maintenance such as spray coating with tar
every five years. Table 5.3 shows the main properties of the above material. Some
of these properties are not always typical, particularly the values of the Hazen Wil-
liams coefficient which depends on the surface condition of the pipe.

Material Young’s modulus of | Coefficient of linear Ultimate tensile n
elasticity expansion a strength
E(N/m?)E9 (m/mC°c)E6 (N/m?)E6
Welded Steel 206 12 400 0.012
Polyethylene 0.55 140 5 0.009
Polyvinyl Chlo-
ride (PVC) 2.75 54 13 0.009
Asbestos Cement n/a 8.1 n/a 0.011
Cast iron 78.5 10 140 0.014
Ductile iron 16.7 11 340 0.013

IV.7. Electromechanical equipment

IV.7.1. Powerhouse

In a small hydropower scheme the role of the powerhouse is to protect the
electromechanical equipment that convert the potential energy of water into
electricity, from the weather hardships. The nhumber, type and power of the turbo-
generators, their configuration, the scheme head and the geomorphology of the
site determine the shape and size of the building.

As shown in figures bellow, the following equipment will be displayed in the
powerhouse:

» Inlet gate or valve

» Turbine

» Speed increaser (if needed)

» Generator

» Control system

» Condenser, switchgear

» Protection systems

» DC emergency supply

» Power and current transformers
» etc.

The figure bellow is a schematic view of an integral intake indoor powerhouse
suitable for low head schemes. The substructure is part of the weir and embod-
ies the power intake with its trash rack, the vertical axis Kaplan turbine coupled
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to the generator, the draft tube and the tailrace. The control equipment and the
outlet transformers are located in the generator forebay.

In order to mitigate the environmental impact the powerhouse can be entirely
submerged. In this way the level of sound is sensibly reduced and the visual impact
is nil.

In medium and high head schemes, powerhouses are more conventional (see
figure above) with an entrance for the penstock and a tailrace. Although not usual,
this kind of powerhouse can be underground.

The powerhouse can also be at the base of an existing dam, where the water
arrives via an existing bottom outlet or an intake tower. Figure 1.4 in chapter 1 il-
lustrates such a configuration.

As we will see in chapter 6.1.1.2, some turbines configurations allow for the
whole superstructure itself, to be dispensed with, or reduced enclosing only the
switchgear and control equipment. Integrating the turbine and generator in a sin-
gle waterproofed unit that can be installed directly in the waterway means that a
conventional powerhouse is not required (bulb or siphon units).

IV.7.2. Hydraulic turbines

The purpose of a hydraulic turbine is to transform the water potential energy
to mechanical rotational energy. Although this handbook does not define guidelines
for the design of turbines (a role reserved for the turbine manufacturers) it is ap-
propriate to provide a few criteria to guide the choice of the right turbine for a
particular application and even to provide appropriate formulae to determine its
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main dimensions. These criteria and formulae are based on work undertaken by
Siervo and Lugaresi, Siervo and Leva, Lugaresi and Massa, Austerre and Verdehan,
Giraud and Beslin, Belhaj, Gordon, Schweiger and Gregorand others, which pro-
vide a series of formulae by analysing the characteristics of installed turbines. It
is necessary to emphasize however that no advice is comparable to that provided
by the manufacturer, and every developer should refer to manufacturer from the
beginning of the development project.

IV.7.2.1. Types and configuration

The potential energy in water is converted into mechanical energy in the tur-
bine, by one of two fundamental and basically different mechanisms:

» The water pressure can apply a force on the face of the runner blades,
which decreases as it proceeds through the turbine. Turbines that operate
in this way are called reaction turbines. The turbine casing, with the runner
fully immersed in water, must be strong enough to withstand the operating
pressure. Francis and Kaplan turbines belong to this category.

» The water pressure is converted into kinetic energy before entering the
runner. The kinetic energy is in the form of a high-speed jet that strikes the
buckets, mounted on the periphery of the runner. Turbines that operate in
this way are called impulse turbines. The most usual impulse turbine is the
Pelton

IV.7.2.2. Impulse turbines

A. Pelton turbines

Pelton turbines are impulse turbines where one or more jets impinge on a
wheel carrying on its periphery a large number of buckets. Each jet issues water
through a nozzle with a needle valve to control the flow (figure 6.4). They are only
used for high heads from 60 m to more than 1 000 m. The axes of the nozzles are in
the plan of the runner. In case of an emergency stop of the turbine (e.g. in case of
load rejection), the jet may be diverted by a deflector so that it does not impinge
on the buckets and the runner cannot reach runaway speed. In this way the needle
valve can be closed very slowly, so that overpressure surge in the pipeline is kept
to an acceptable level (max 1.15 static pressure).

As any kinetic energy leaving the runner is lost, the buckets are designed to
keep exit velocities to a minimum.

One or two jet Pelton turbines can have horizontal or vertical axis, as shown
in figure 6.5. Three or more nozzles turbines have vertical axis. The maximum
number of nozzles is 6 (not usual in small hydro).

The turbine runner is usually directly coupled to the generator shaft and
shall be above the downstream level. The turbine manufacturer can only give
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the clearance.

The efficiency of a Pelton is good from 30% to 100% of the maximum discharge
for a one-jet turbine and from 10% to 100% for a multi-jet one.

B. Turgo turbines

The Turgo turbine can operate under a head in the range of 50-250 m. Like
the Pelton, it is an impulse turbine, however its buckets are shaped differently
and the jet of water strikes the plane of its runner at an angle of 20°. Water enters
the runner through one side of the runner disk and emerges from the other. It can
operate between 20% and 100% of the maximal design flow.

d‘"

Runner bladea

The efficiency is lower than for the Pelton and Francis turbines. Compared to
the Pelton, a Turgo turbine has a higher rotational speed for the same flow and head.
A Turgo can be an alternative to the Francis when the flow strongly varies or in case
of long penstocks, as the deflector allows avoidance of runaway speed in the case of



226 Opportunity Study on the Construction of a Hydroelectric power station

load rejection and the resulting water hammer that can occur with a Francis.

C. Cross-flow turbines

This impulse turbine, also known as Banki-Michell is used for a wide range of
heads overlapping those of Kaplan, Francis and Pelton. It can operate with heads
between 5 and 200 m.

distributar

runner
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water flow

Water enters the turbine, directed by one or more guide-vanes located up-
stream of the runner and crosses it two times before leaving the turbine. This
simple design makes it cheap and easy to repair in case of runner brakes due to
the important mechanical stresses. The Cross-flow turbines have low efficiency
compared to other turbines and the important loss of head due to the clearance
between the runner and the downstream level should be taken into consideration
when dealing with low and medium heads. Moreover, high head cross-flow runners
may have some troubles with reliability due to high mechanical stress. It is an
interesting alternative when one has enough water, defined power needs and low
investment possibilities, such as for rural electrification programs.

IV.7.2.3. Reaction turbines

A. Francis turbines

Francis turbines are reaction turbines, with fixed runner blades and adjust-
able guide vanes, used for medium heads. In this turbine the admission is always
radial but the outlet is axial. Photograph 6.3 shows a horizontal axis Francis tur-
bine. Their usual field of application is from 25 to 350 m head. As with Peltons,
Francis turbines can have vertical or horizontal axis, this configuration being really
common in small hydro.

Francis turbines can be set in an open flume or attached to a penstock. For
small heads and power open flumes were commonly employed, however nowadays
the Kaplan turbine provides a better technical and economical solution in such
power plants.

The water enters the turbine by the spiral case that is designed to keep its
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tangential velocity constant along the consecutive sections and to distribute it
peripherally to the distributor. As shown in figure 6.9, this one has mobile guide
vanes, whose function is to control the discharge going into the runner and adapt
the inlet angle of the flow to the runner blades angles. They rotate around their
axes by connecting rods attached to a large ring that synchronise the movement
off all vanes. They can be used to shut off the flow to the turbine in emergency
situations, although their use does not preclude the installation of a butterfly valve
at the entrance to the turbine. The runner transforms the hydraulic energy to me-
chanical energy and returns it axially to the draft tube.

Small hydro runners are usually made in stainless steel castings. Some manu-
facturers also use aluminium bronze casting or welded blades, which are generally
directly coupled to the generator shaft.

The draft tube of a reaction turbine aims to recover the kinetic energy still
remaining in the water leaving the runner. As this energy is proportional to the
square of the velocity one of the draft tube objectives is to reduce the turbine
outlet velocity. An efficient draft tube would have a conical section but the angle
cannot be too large, otherwise flow separation will occur. The optimum angle is 7°
but to reduce the draft tube length, and therefore its cost, sometimes angles are
increased up to 15°.

The lower head, the more important the draft tube is. As low head generally
implies a high nominal discharge, the remaining water speed at the outlet of the
runner is quite important. One can easily understand that for a fixed runner diam-
eter, the speed will increase if the flow does.

B. Kaplan and propeller turbines

Kaplan and propeller turbines are axial-flow reaction turbines; generally used
for low heads from 2 to 40 m. The Kaplan turbine has adjustable runner blades and
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may or may not have adjustable guide- vanes. If both blades and guide-vanes are
adjustable it is described as “double-regulated”. If the guide-vanes are fixed it is
“single-regulated”. Fixed runner blade Kaplan turbines are called propeller tur-
bines. They are used when both flow and head remain practically constant, which
is a characteristic that makes them unusual in small hydropower schemes.

The double regulation allows, at any time, for the adaptation of the runner
and guide vanes coupling to any head or discharge variation. It is the most flexible
Kaplan turbine that can work between 15% and 100% of the maximum design dis-
charge. Single regulated Kaplan allows a good adaptation to varying available flow
but is less flexible in the case of important head variation. They can work between
30% and 100% of the maximum design discharge.

The double-regulated Kaplan is a vertical axis machine with a spiral case
and a radial guide vane configuration. The flow enters in a radial manner inward
and makes a right angle turn before entering the runner in an axial direction. The
control system is designed so that the variation in blade angle is coupled with the
guide-vanes setting in order to obtain the best efficiency over a wide range of
flows and heads. The blades can rotate with the turbine in operation, through links
connected to a vertical rod sliding inside the hollow turbine axis.

Bulb units are derived from Kaplan turbines, with the generator contained in
a waterproofed bulb submerged in the flow. Figure 6.13 illustrates a turbine where
the generator (and gearbox if required), cooled by pressurised air, is lodged in the
bulb. Only the electric cables, duly protected, leave the bulb.

Kaplan turbines are certainly the machines that allow the most number of
possible configurations. The selection is particularly critical in low-head schemes
where, in order to be profitable, large discharges must be handled. When contem-
plating schemes with a head between 2 and 5 m, and a discharge between 10 and
100 m3/sec, runners with 1.6 - 3.2 metres diameter are required, coupled through
a speed increaser to a generator. The hydraulic conduits in general, and water in-
takes in particular, are very large and require very large civil works with a cost that
generally exceeds the cost of the electromechanical equipment.

In order to reduce the overall cost (civil works plus equipment) and more spe-
cifically the cost of the civil works, several configurations have been devised that
nowadays are considered as classic.

Configuration Flow Closing system Speed increaser
Vertical Kaplan Radial | Gate valve Parallel
Vertical semi-Kaplan siphon Radial | Siphon Parallel
Inverse semi-Kaplan siphon Radial | Siphon Parallel
Inclined semi-Kaplan siphon Axial Siphon Parallel
Kaplan S Axial Gate valve Parallel
Kaplan inclined right angle Axial Gate valve Conical
Kaplan in pit Axial Gate valve Parallel
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Siphons are reliable, economic, and prevent runaway turbine speed, how-
ever they are noisy if no protection measures are taken to isolate the suction
pump and valves during starting and stopping operations. Even if not required
for normal operation, a closing gate is strongly recommended as it avoids the
unintended starting of the turbine due to a strong variation of upstream and
downstream levels. In case of such a problem, the turbine will reach high speeds
and the operator will not have the means to stop it. A solution to this problem is
the use of flap gate dams.

Underground powerhouses are best at mitigating the visual and sonic impact,
but are only viable with an S, a right angle drive or a pit configuration.

The speed increaser configuration permits the use of a standard generator
usually turning at 750 or 1 000 rpm, and is also reliable, compact and cheap. The
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S configuration is becoming very popular, however one disadvantage is that the
turbine axis has to cross either the entrance or the outlet pipe with consequent
head losses. It is mainly used for medium heads and/or hydropower schemes with
penstock.

The pit configuration has the advantage of easy access to all the equipment
components, in particular the coupling of turbine and speed increaser, the speed
increaser itself and the generator, which facilitates inspection, maintenance and
repair. This configuration is popular for very low heads and high discharges allow-
ing a runner diameter bigger than 2 m.

For the same reasons as for the Francis turbines, Kaplans must have a draft
tube. Due to the low heads, the kinetic energy is very important and the quality of
this part of the turbine should not be neglected.

IV.7.3. Generators

Generators transform mechanical energy into electrical energy. Although most
early hydroelectric systems were of the direct current variety to match early com-
mercial electrical systems, nowadays only three-phase alternating current genera-
tors are used in normal practice. Depending on the characteristics of the network
supplied, the producer can choose between:

» Synchronous generators: They are equipped with a DC electric or perma-
nent magnet excitation system (rotating or static) associated with a voltage
regulator to control the output voltage before the generator is connected
to the grid. They supply the reactive energy required by the power system
when the generator is connected to the grid. Synchronous generators can
run isolated from the grid and produce power since excitation is not grid-
dependent

» Asynchronous generators: They are simple squirrel-cage induction motors
with no possibility of voltage regulation and running at a speed directly
related to system frequency. They draw their excitation current from the
grid, absorbing reactive energy by their own magnetism. Adding a bank of
capacitors can compensate for the absorbed reactive energy. They cannot
generate when disconnected from the grid because are incapable of pro-
viding their own excitation current. However, they are used in very small
stand-alone applications as a cheap solution when the required quality of
the electricity supply is not very high.

Below 1 MW, synchronous generators are more expensive than asynchronous
generators and are used in power systems where the output of the generator rep-
resents a substantial proportion of the power system load. Asynchronous genera-
tors are cheaper and are used in stable grids where their output is an insignificant
proportion of the power system load. The efficiency should be 95 % for a 100 kW
machine and can increase to 97% towards an output power of 1TMW. Efficiencies of
synchronous generators are slightly higher. In general, when the power exceeds
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some MVA a synchronous generator is installed.

Recently, variable-speed constant-frequency systems (VSG), in which turbine
speed is permitted to fluctuate widely, while the voltage and frequency are kept
constant and undistorted, have become available. The frequency converter, which
is used to connect the generator via a DC link to the grid can even “synchronise”
to the grid before the generator starts rotating. This approach is often proposed as
a means of improving performance and reducing cost. However no cost reduction
can be achieved using propeller turbines, if runner regulation is replaced only. It is
also not possible, to improve the energy production compared to a double-regulat-
ed Kaplan turbine. There are nevertheless a number of cases where variable speed
operation seems to be a suitable solution, e.g. when the head varies significantly.

The operating voltage of the generator increases with power. The standard
generation voltages of 400 V or 690 V allow for the use of standard distributor
transformers as outlet transformers and the use of the generated current to feed
into the plant power system. Generators of some MVA are usually designed for
higher operating voltages up to some kV and connected to the grid using a custom-
ised transformer. In this case an independent transformer HT/LT is necessary for
the auxiliary power supply of the power plant.

IV.7.4. Turbine control

Turbines are designed for a certain net head and discharge. Any deviation
from these parameters must be compensated for by opening or closing the control
devices, such as the wicket-gates, vanes, spear nozzles or valves, to keep either
the outlet power, the level of the water surface in the intake, or the turbine dis-
charge constant. In schemes connected to an isolated network, the parameter that
needs to be controlled is the turbine speed, which controls the frequency.

In an off grid system, if the generator becomes overloaded the turbine slows-
down therefore an increase of the flow of water is needed to ensure the turbine
does not stall. If there is not enough water to do this then either some of the load
must be removed or the turbine will have to be shut down. Conversely if the load
decreases then the flow to the turbine isdecreased or it can be kept constant and
the extra energy can be dumped into an electric ballast load connected to the
generator terminals.

In the first approach, speed (frequency) regulation is normally accomplished
through flow control; once a gate opening is calculated, the actuator gives the
necessary instruction to the servomotor, which results in an extension or retraction
of the servo’s rod. To ensure that the rod actually reaches the calculated position,
feedback is provided to the electronic actuator. These devices are called “speed
governors.”.

In the second approach it is assumed that, at full load, constant head and
flow, the turbine will operate at design speed, so maintaining full load from the
generator; this will run at a constant speed. If the load decreases the turbine will
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tend to increase its speed. An electronic sensor, measuring the frequency, detects
the deviation and a reliable and inexpensive electronic load governor, switches on
pre-set resistance and so maintains the system frequency accurately.

The controllers that follow the first approach do not have any power limit.
The Electronic Load Governors, working according to the second approach rarely
exceed 100 kW capacity.

IV.7.4.1. Speed Governors

A governor is a combination of devices and mechanisms, which detect speed
deviation and convert it into a change in servomotor position. A speed-sensing ele-
ment detects the deviation from the set point; this deviation signal is converted
and amplified to excite an actuator, hydraulic or electric, that controls the water
flow to the turbine. In a Francis turbine, where there is a reduction in water flow
you need to rotate the wicket-gates. For this, a powerful governor is required to
overcome the hydraulic and frictional forces and to maintain the wicket-gates in a
partially closed position or to close them completely.

Several types of governors are available varying from old fashioned purely
mechanical to mechanical-hydraulic to electrical-hydraulic and mechanical-elec-
trical. The purely mechanical governor is used with fairly small turbines, because
its control valve is easy to operate and does not require a big effort. These gov-
ernors use a flyball mass mechanism driven by the turbine shaft. The output from
this device - the flyball axis descends or ascends according to the turbine speed
- directly drives the valve located at the entrance to the turbine.

IV.7.5. Switchgear equipment

In many countries the electricity supply regulations place a statutory obliga-
tion on the electric utilities to maintain the safety and quality of electricity supply
within defined limits. The independent producer must operate his plant in such a
way that the utility is able to fulfil its obligations. Therefore various associated
electrical devices are required inside the powerhouse for the safety and protection
of the equipment.

Switchgear must be installed to control the generators and to interface them
with the grid or with an isolated load. It must provide protection for the genera-
tors, main transformer and station service transformer. The generator breaker,
either air, magnetic or vacuum operated, is used to connect or disconnect the
generator from the power grid. Instrument transformers, both power transformers
(PTs) and current transformers (CTs) are used to transform high voltages and cur-
rents down to more manageable levels for metering. The generator control equip-
ment is used to control the generator voltage, power factor and circuit breakers.

The asynchronous generator protection must include, among other devices: a
reverse-power relay giving protection against motoring; differential current relays
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against internal faults in the generator stator winding; a ground-fault relay provid-
ing system backup as well as generator ground-fault protection, etc. The power
transformer protection includes an instantaneous over-current relay and a timed
over-current relay to protect the main transformer when a fault is detected in the
bus system or an internal fault in the main power transformer occurs.

The independent producer is responsible for earthing arrangements within
his installation. This must be designed in agreement with the public utility. The
earthing arrangement will be dependent on the number of units in use and the in-
dependent producer’s own system configuration and method of operation.

Metering equipment must be installed at the point of supply to record meas-
urements according to the requirements of the electric utility.

In the high voltage side there is a line circuit breaker and a line disconnec-
tion switch - combined with a grounding switch - to disconnect the power gener-
ating unit and main transformer from the transmission line. Metering is achieved
through the corresponding P.T and C.T. A generator circuit breaker is included as
an extra protection for the generator unit. A transformer provides energy for the
operation of intake gates, shutoff valves, servomotors, oil compressors etc. in
the station service.

Greater complexity may be expected in multiunit stations where flexibility
and continuity of service are important.

IV.7.6. Automatic control

Small hydro schemes are normally unattended and operated through an auto-
matic control system. Because not all power plants are alike, it is almost impos-
sible to determine the extent of automation that should be included in a given
system, but some requirements are of general application:

The system must include the necessary relays and devices to detect malfunc-
tioning of a serious nature and then act to bring the unit or the entire plant to a
safe de-energised condition

Relevant operational data of the plant should be collected and made readily
available for making operating decisions, and stored in a database for later evalu-
ation of plant performance

An intelligent control system should be included to allow for full plant opera-
tion in an unattended environment

It must be possible to access the control system from a remote location and
override any automatic decisions

The system should be able to communicate with similar units, up and down-
stream, for the purpose of optimising operating procedures

Fault anticipation constitutes an enhancement to the control system. Using an
expert system, fed with baseline operational data, it is possible to anticipate faults
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before they occur and take corrective action so that the fault does not occur.

The system must be configured by modules. An analogue-to-digital conver-
sion module for measurement of water level, wicket-gate position, blade angles,
instantaneous power output, temperatures, etc. A digital-to-analogue converter
module to drive hydraulic valves, chart recorders, etc. A counter module to count
generated kWh pulses, rain gauge pulses, flow pulses, etc. and a “smart” telem-
etry module providing the interface for offsite communications, via dial-up tel-
ephone lines, radio link or other communication technologies. This modular sys-
tem approach is well suited to the widely varying requirements encountered in
hydropower control, and permits both hardware and software to be standardised.
Cost reduction can be realised through the use of a standard system and modular
software allows for easy maintenance.

Automatic control systems can significantly reduce the cost of energy produc-
tion by reducing maintenance and increasing reliability, while running the turbines
more efficiently and producing more energy from the available water.

With the tremendous development of desktop computers, their prices are
now very low. Many manufacturers supply standardised data acquisition systems.
New and cheap peripheral equipment, easily connected to a portable comput-
ers, are the .“watch-dogs.”- helping to monitor and replace control equipment
in the event of failure is available and easy to integrate at low price. Improved
graphic programming techniques assist the development of easy to use software
with graphic user interfaces. Due to the rapid development of digital technologies,
the differences between hardware platforms such as PLCs, micro-controllers and
industry PCs, disappear for the operator.

IV.7.7. Ancillary electrical equipment

IV.7.7.1. Plant service transformer

Electrical consumption including lighting and station mechanical auxiliaries
may require from 1 to 3 percent of the plant capacity; the higher percentage
applies to micro hydro (less than 500 kW). The service transformer must be de-
signed to take these intermittent loads into account. If possible, two alternative
supplies, with automatic changeover, should be used to ensure service in an un-
attended plant.

IV.7.7.2. DC control power supply

It is generally recommended that remotely controlled plants are equipped
with an emergency 24 V DC back-up power supply from a battery in order to al-
low plant control for shutdown after a grid failure and communication with the
system at any time. The ampere-hour capacity must be such that, on loss of
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charging current, full control is ensured for as long as it may be required to take
corrective action.

IV.7.7.3. Headwater and tailwater recorders

In a hydro plant, provisions should be made to record both the headwater and
tailwater. The simplest way is to fix, securely in the stream, a board marked with
meters and centimetres in the style of a levelling staff, however someone must
physically observe and record the measurements. In powerhouses provided with
automatic control the best solution is to use transducers connected to the com-
puter via the data acquisition equipment

Nowadays measuring units - a sensor - records the measurement variable and
converts it into a signal that is transmitted to the processing unit. The measure-
ment sensor must always be installed at the measurement site, where the level
has to be measured. - Usually subject to rough environmental conditions and of
difficult access - whereas the processing unit is usually separated and placed in a
well protected environment easily accessible for operation and service.

There is a wide range of sensors each one using a variety of measuring princi-
ples. It must be realised that the point of the level measurement needs to be se-
lected carefully in order to represent the whole forebay. According to the Bernoulli
principle, a change in the current speed causes a change in the dynamic pressure
and consequently in the apparent water level as measured by the pressure sensor.
If the measurement site is located in the inflow or outflow structures, where high
current velocities can occur, the measurement will give false results. The level
sensor can transmit the signal by using the hydrostatic method (figure 6.36 a) or
the pneumatic (bubble) method (figure 6.36 b). In the first method care should be
taken so that all the tubes for pressure transmission are dimensioned and laid in
such a way that they cannot be obstructed nor air allowed accumulating within
them. In the second, the sensor orifice is located lower than the corresponding
level at the start of the measurement, and no water can penetrate and collect
in the lines. In the solution shown in figure 6.36 a), floating material can damage
the instrument. The best solution is the concealed assembly of all parts together
within the wall as shown in figure 6.36 b) and c).
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IV.7.7.4. Outdoor substation

The so-called water-to-wire system usually includes the substation. A line
breaker must separate the plant including the step-up transformer from the grid
in case of faults in the power plant. PTs and CTs for kWh and kW metering are
normally mounted at the substation, at the connecting link between the plant-out
conductors and the take-off line to the grid. In areas with very high environmen-
tal sensitivity the substation is enclosed in the powerhouse, and the transmission
cables, leave it along the penstock. Lightning arresters for protection against line
surges or lightning strikes in the nearby grid are usually mounted in the substation
structure.
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Chapter V
Environmental impact in the construction
of hydroelectric centrals

V.1. Understanding

The “Third Conference of the Parties to the United Nations Framework Con-
vention on Climate Change” was held in Kyoto in December 1997. This was the sec-
ond initiative after the historic Rio Conference on Environment and Development
in June 1992. Even earlier, the European Union had already recognised the urgent
need to tackle the climate change issue. The “White Paper for a Community Strat-
egy and Action Plan entitled: “Energy for the future: renewable sources of energy”
was subsequently drafted providing a significant step forward.

Finally, the “Directive/77/EC of the European Parliament and of the council
of 27 September 2001 on the promotion of electricity produced from renewable
energy sources in the internal electricity market” set clear community targets. The
global indicative target of 12% RE of gross domestic energy consumption by 2010
was stated. To achieve this ambitious goal all Member States have been required
to set national indicative targets for the consumption of electricity produced from
renewable sources.

A strategic study for the development of Small Hydro Power in the European
Union: “Blue Age for a Green Europe” was completed in 2002 and gives a highly
interesting survey of the potential of SHP by different approaches. EU countries
estimate, under economic and environmental constraints, an increase in capac-
ity of 1111 MW by upgrading existing plants (annual production of 4518 GWh) and
an increase in capacity of 4828 MW by the realisation of new small hydroelectric
plants (annual production of 19645 GWh).

The technical potential with only technical constraints would represent a dou-
bling of above mentioned figures: 2080 MW (8100 GWh/year) by upgrading existing
plants and 9615 (38058 GWh/y) by new plants could be achieved theoretically. The
achievement of the “theoretical” objective (46158 GWh/y) will imply an annual
reduction of 20 million tonnes of CO, emissions based on a prudential value (gas
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fired plants) of 0.43 kgCO,/kWh.

However, under present trends the above objective will not be attained so
long as the administrative procedures to authorise the use of water are not ac-
celerated. Hundreds, if not thousands, of authorisation requests are pending ap-
proval, the delay being caused mainly by perceived conflict with the environment.
Some environmental agencies seem to justify or at least excuse - this blockade on
the grounds of the low capacity of the small plants. It seems to be forgotten that
by definition, renewable energies are decentralised and that currently only small
hydro power plants and the wind turbines can significantly contribute to renewable
electricity production.

At the same time whilst it should be accepted that electricity production in
small hydro plants does not produce carbon dioxide or liquid pollutants, the fact is
that due to their location in sensitive areas local impacts are not always negligible.
The significant global advantages of small hydropower must not prevent the iden-
tification of burdens and impacts at local level and the taking of necessary mitiga-
tion actions. Large thermal plants, because of their economic relevance and scale,
are authorised at very high administrative levels and in some cases, their impacts
cannot be mitigated at present. A small hydropower scheme producing impacts
that usually can be mitigated is considered at lower administrative levels, where
the influence of pressure groups - angling associations, ecologists, etc.- is greater.

It is not difficult to identify the impacts, but to decide which mitigation meas-
ures should be undertaken it is not simple, because these are usually dictated by
subjective arguments. It is therefore strongly recommended to establish a perma-
nent dialogue with the environmentalproject-by-project basis it would be conveni-
ent to provide a few guidelines that will help the designer to propose mitigating
measures that can easily be agreed with the licensing authorities.

Recently, the implementation of the Water Framework Directive will intro-
duce severe additional demands in ecological terms. There is little doubt, that
the fulfilling of ecological aims such as the construction of fish bypass systems
or the reduction of water through increased reserved flow has significant cost
implications and reduces the viability of SHP. The achievement of environmental
goals is not dependent on the ideological resistance of the developer of the site
but on his economical restrictions. In reality, the “environmental problem” has
economical parents.

V.2. Impact during construction phase

Schemes of the diversion type, multipurpose reservoir, inserted on an irriga-
tion canal or built into a water supply system produce very different impacts from
one another, from both a quantitative and qualitative viewpoint. A scheme mak-
ing use of a multipurpose dam has practically no unfavourable impacts, since it is
understood that when the dam was built the necessary mitigating measures were
already incorporated. Even the location of the powerhouse will be at the base and
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shall not alter the ecological system.

Schemes integrated in an irrigation canal or in a water supply pipe system will
not introduce new impacts over those generated when the canal and the pipe sys-
tem were developed. On the other hand, diversion schemes present very particular
aspects that need to be analysed.

V.2.1. Reservoirs

The impacts generated by the construction of a dam and the creation of the
adjoining reservoir include, in addition to the loss of ground, the construction
and opening of construction roads, working platforms, excavation works, blasting
and even -depending of the dam size- concrete manufacturing plants. Other non-
negligible impacts are the barrier effect and the alteration of flow consequent to
a river regulation that did not exist before. It has to be underlined that reservoirs
are in fact not typical for small hydropower plants. The majority of SHP belongs to
the run-off type without any big, dam-like construction works.

However, the impacts generated by the construction of a dam do not differ
from those induced by any large-scale infrastructure development, whose effects
and mitigating measures are well known.

V.2.2. Water intakes, open canals, penstocks, tailraces

The impacts generated by the construction of these structures are well known
and have been described in Table 1, e.g. noise affecting the life of animals, danger
of erosion due to the loss of vegetation through excavation work, turbidity of the
water and downstream sediment deposition, etc. To mitigate such impacts it is
strongly recommended that the excavation work should be undertaken in the low
water season and the disturbed ground restored as soon as possible. In any case
these impacts are always transitory and do not constitute a serious obstacle to the
administrative authorisation procedure.

In view of its protective role against riverine erosion it is wise to restore and
reinforce the riverbank vegetation that may have been damaged during construc-
tion of the hydraulic structures. It should be noted that the ground should be re-
populated with indigenous species, best adapted to the local conditions.

The impact assessment study should take account of the effects of dispersing
excavated material in the stream and the unfavourable consequences of construc-
tion workers living in a usually uninhabited area during the construction period.
This impact, which may be negative if the scheme is located in a natural park,
would be positive in a non-sensitive area by increasing the level of its activity.
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Vehicle emissions, excavation dust, the high noise level and other minor burdens
contribute to damaging the environment when the scheme is located in sensi-
tive areas. To mitigate the above impacts the traffic operation must be carefully
planned to eliminate unnecessary movements and to keep all traffic to a minimum.

On the positive side, it should be noted that the increase in the level of activ-
ity in an area, by using local manpower and small local subcontractors during the
construction phase is to be welcomed.

V.3. Impacts arising from the construction

V.3.1. Sonic impacts

The allowable level of noise depends on the local population or isolated hous-
es near to the powerhouse. The noise comes mainly from the turbines and, when
used, from the speed increasers. Nowadays noise inside the powerhouse can be
reduced, if necessary, to levels in the order of 70 dBA, almost imperceptible when
outside.

Concerning sonic impact, the Fiskebypower plant in Norrkoping, Sweden is
an example to be followed. The scheme owner wanted a maximum internal sound
level of 80 dBA inside the powerhouse at full operation. The maximum allowed ex-
ternal sound level, at night, was set at 40 dBA in the surroundings of some houses
located about 100 metres away.

To reach these levels of noise it was decided that all the components - tur-
bines, speed increasers, and asynchronous generators - were bought in one pack-
age from one well-known supplier. The purchase contract specified the level of
noise to be attained in full operation leaving the necessary measures to fulfil the
demands to the manufacturer. The supplier adopted the following measures: very
small tolerances in the gear manufacturing; sound insulating blankets over the tur-
bine casing; water cooling instead of air cooling of the generator and a careful de-
sign of ancillary components. As well as the usual thermal insulation, the building
was provided with acoustic insulation. Consequently, the attained level of noise
varied between 66 dBA and 74 dBA, some 20 dBA lower than the average Swedish
powerhouses. Having a single supplier, the issue of responsibility was eliminated.

The external noise level reduction was obtained by using vibration insulation
of the powerhouse walls and roof. The principle for the vibration reduction system
was to let the base slab, concrete waterways and pillars for the overhead crane be
excited by vibration from the turbine units. The other parts of the building such as
supporting concrete roof beams and pre-cast concrete elements in the walls were
supported by special rubber elements designed with spring constants giving maxi-
mum noise reduction. For the roof beams, special composite spring-rubber sup-
porting bearings (TrelleborgNovimbra SA W300) were chosen. A similar solution was
chosen for the pre- cast wall components. Once built, the sound emission from the
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powerhouse could not be detected from the other noise sources as traffic, sound
from the water in the stream, etc. at the closest domestic building.

The underground powerhouse of Cavaticcio4, located about 200 m from the
Piazza Maggiore, the historical heart of Bologna, has also merits in this respect. An
acoustic impact study undertaken on Italian schemes showed an average internal
level of about 85 dBA. The level of noise near the houses close to the proposed
powerhouse was 69 dBA by day and 50 dBA by night. The regulations in force re-
quired that these values could not increase by more than 5 dBA during the day and
3 dBA during the night. The measures carried out to fulfill the requirements were
similar to those undertaken in Fiskeby:

» Insulation of the machine hall, the most noisy room, from the adjacent
rooms by means of double walls with different mass, with a layer of glass
wool in between.

» Soundproofing doors.
» Floors floating on 15 mm thick glass wool carpets.
» False ceiling with noise deadening characteristics

» Heavy trapdoors to the ground floor, fitted with soundproof counter trap-
doors and neoprene sealing gaskets

» Vibration damping joints between fans and ventilation ducts
» Low air velocity (4 m/sec) ducts

» Two silencers at the top and rear of the ventilation plant

» Inlet and outlet stacks equipped with noise traps

» Air ducts built with a material in sandwich (concrete, glass wool, perfo-
rated bricks and plaster)

» Turbine rotating components dynamic balanced
» Water-cooled brushless synchronous generator
» Precision manufactured gears in the speed increaser

» Turbine casings and speed increaser casings strongly stiffened to avoid reso-
nance and vibrations.

» Anchoring of the turbine by special anti-shrinking concrete to ensure the
monolithic condition between hydro unit and foundation block

» Turbine ballasting with large masses of concrete to reduce to a minimum
the vibration’s amplitude.

The underground ventilation has three main purposes: dehumidification of
the rooms to ensure a correct operation and maintenance of the equipment,
fresh air supply for the workers and removal of the heat generated by the various
plant components. Even with the maximum volume of air circulation estimated at
7000 m3/hour the air velocity in the air ducts never exceeds 4 m/sec.

It is true that the two above examples are very particular ones but they are
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included here to show that everything is possible if it is considered necessary al-
though the project may require a significant increase in the investment. It is also
true that both examples concern low head schemes implying the use of speed
increasers; a high mountain diversion scheme would permit the direct coupling
of turbine and generator, so eliminating the component responsible for most of
the vibrations.

V.3.2. Landscape impact

The quality of visual aspects is important to the public, who is increasingly
reluctant to accept changes taking place in their visual environment. For exam-
ple, a new condominium in our neighbourhood with an artificial beach built with
sand coming from a submarine bed was rejected by a part of the population, even
though, in many ways it would improve the environment including landscaping.
The problem is particularly acute in the high mountain hydropower schemes or in
schemes located in an urban area. This concern is frequently manifested in the
form of public comments and even of legal challenges to those developers seeking
to change a well-loved landscape by developing a hydropower facility.

Each of the components that comprise a hydro scheme - powerhouse, weir,
spillway, penstock, intake, tailrace, substation and transmission lines - has poten-
tial to create a change in the visual impact of the site by introducing contrasting
forms, lines, colour or textures. The design, location, and appearance of any one
feature may well determine the level of public acceptance for the entire scheme.

Most of these components, even the largest, may be screened from view us-
ing landscaping and vegetation. Painted in non-contrasting colours and textures
to obtain non-reflecting surfaces a component will blend with or complement the
characteristic landscape. Creative effort, usually with small effect on the total
budget, can often result in a project acceptable to all parties concerned: local
communities, national and regional agencies, ecologists etc.

The penstock is usually the main cause of “nuisance”. Its layout must be care-
fully studied using every natural feature - rocks, ground, vegetation - to shroud
it and if there is no other solution, painting it so as to minimize contrast with
the background. If the penstock can be interred, this is usually the best solution,
although the operator has to meet some disadvantages in terms of maintenance
and control. Expansion joints and concrete anchor blocks can then be reduced or
eliminated; the ground is returned to its original state and the pipe does not form
a barrier to the passage of wild life.
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Chapter VI
Economic analysis

An investment in a small hydropower scheme entails a certain number of ex-
penses, extended over the project life, and procures some revenues also distrib-
uted over the same period. The expenses include a fixed component - the capital
cost, insurance, taxes other than the income taxes, etc. - and a variable compo-
nent -operation and maintenance expenses-. At the end of the project, in general
limited by the authorization period, the residual value will usually be positive,
although some administrative authorizations demand the abandonment of all the
facilities that revert to the State. The economic analysis compares the different
possible alternatives to allow the choice of the most advantageous or to abandon
the project.

From an economic viewpoint, a hydropower plant differs from a conventional
thermal plant, because its initial investment cost per kW is much higher but the
operating costs are extremely low, since there is no need to pay for fuel.

The economic analysis can be made by either including the effect of the infla-
tion or omitting it. Working in constant monetary value has the advantage of mak-
ing the analysis essentially independent of the inflation rate. Value judgmentsare
easier to make in this way because they refer to a nearby point in time, which
means they are presented in a currency that has a purchasing power close to pre-
sent experience. If there are reasons to believe that certain factors will evolve at a
different rate from inflation, these must be treated with the differential inflation
rate. For instance, if we assume that due to the electricity tariffs will grow two
points less than inflation, while the remaining factors stay constant in value, the
electricity price should decrease by 2% every year.

The estimation of the investment cost constitutes the first step of an eco-
nomic evaluation. For a preliminary approach, the estimation can be based on the
cost of similar schemes.

There are a number of software packages available to assist in the analysis
of a potential site. PC based packages such as HydrAand Hydrosoftare available
on the Web and can often be downloaded. Some of them are limited to particular
regions or countries whilst others are more generic. The RETScreen Pre-feasibility
Analysis Softwareis a generic, freely available software package with an on-line
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user manual. It enables users to prepare a preliminary evaluation of the annual
energy production, costs and financial viability of projects.

Whilst identifying that the site has a technical potential is paramount, the key
to any successful development is undertaking an economic analysis of a site that
will provide an accurate indication of the investment cost required. During this
analysis an essential consideration is the estimated cost per kW of the site.

However, as a cost estimate is essential for economic analysis, it is necessary
as a second step, to make a preliminary design including the principal components
of the scheme. Based on this design, budget prices for the materials can be ob-
tained from suppliers. Such prices cannot be considered as firm prices until speci-
fications and delivery dates have been provided. This will come later, during the
actual design and procurement process.

Do not forget that in a plant connected to the grid, the investment costs
of the connection line should be included, because according to various national
regulations this line, although it sometimes becomes the property of the grid own-
er, is always built at the expense of the SHP developer. A plant close to the grid
connection point will be always cheaper than one installed far from it. The same
reasoning can be applied to telephone lines. In an unmanned plant, a telephone
line to transmit telemetry and alarm signals is frequently used although occasion-
ally it might be cheaper to use the transmission line itself to establish a radio link.
The use of the digital cellular telephone network is also increasingly used provided
there is sufficient coverage.

A developer’s economic analysis of a scheme would be simplified if electric-
ity tariffs for aMWh were a known and stable entity. However, this is not the case
and the markets vary constantly - the present move to liberalise and open up the
markets and the promotion of RE’s serves as a good example. Tariffs are agreed in
different ways between the generator and supplier and are influenced by national
policy. These policies can and do vary from country to country and are reviewed
and altered frequently making it difficult to provide more than an overview. Tar-
iffs negotiated through some form of power purchase agreement with the supplier
will vary from country to country and will be strongly influenced by that country’s
national policy. It is therefore important for the developer to understand clearly
implications of the national policy.

The ‘time value of money’ is the concept that a Euro received today is worth
more than a Euro received at some point in the future, because the Euro received
today can be invested to earn interest. Time value of money analysis generally in-
volves the relationship between a certain amount of money, a certain period and
a certain rate of compound interest.
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